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Title No. 54-34 


Re-Proportioning of Concrete Mixtures for 
Air Entrainment® 


By H. J. GILKEYT 


SYNOPSIS 


Following a summary of current knowledge of air entrainment, the prob- 
lems of mixture re-proportioning are presented and illustrated with unit- 
block solid-volume diagrams. Range of mixtures, from rich to lean, is covered 
for a structural grade concrete of 3-in. slump and a nominal 4 percent of 
entrained air. Three specific approaches to the problem of re-proportioning 
are indicated and illustrated. Revised proportions of the three base mixtures, 
(rich, medium, and lean) are tabulated and graphed for each of the three tech- 
niques of adjustment employed. The objective is not only to cover visually 
and systematically the manipulatory aspects of air entrainment but also to 
refocus attention upon the unit-block, solid-volume concept as a useful 
technique and clarifying approach to the better comparative understanding of 
concrete mixtures in general. 


SUMMARY OF CURRENT KNOWLEDGE 


As a prelude to a discussion of mixture re-proportioning for air entrainment, 
the following constitutes a simplified summary of current knowledge and 
status. For persons reasonably informed on air entrainment this review is 
not essential to an understanding of the subsequent discussion of mixture 
re-proportioning. 

In the realm of practical concrete mixtures air entrainment may be defined 
as the incorporation in the concrete of innumerable bubbles of air having 
average diameters of the order of 25 to 50 microns (0.001 to 0.002 in.) aggre- 
gating a total volume not in excess of 6 or 8 percent of the concrete. For 
usual materials and methods of mixing, the spheroids of air form and cluster 
mainly around sand grains between the No. 30 and No. 100 sieves. Practically 
no globules form on the finer of the sand particles or on the cemént; nor do 
they form on the coarse aggregate.f Since the entrained air is formed in and 
carried by the mortar, the percentage of air in the mortar will always be 
proportionately higher than that in the concrete. For example, if the mortar 


*Received by the Institute A ag 8, 1956. Title No. 54-34 is f part of copyrighted JourRNAL oF THE AMERICAN 
Concrete Institute, V. 29, No. 8, Feb. 1958. Proceedings V. Separate prints are available at 50 cents each. 
Discussion (copies in triplicate) should reach the Institute not heed sr than May 1, 1958. Address P. O. Box 4754, 
Redford Station, Detroit 19, Mich. 

tMember American Concrete Institute, Professor of Theoretical and Applied Mechanics, Iowa State College, 
Ames, Iowa. 

{Air entrainment as here defined excludes foamed lightweight concretes in which air or other gases are entrained 
in much higher percentages. Among such excluded concretes are the well-known “aerocrete” fluffed by the use 
of aluminum powder, and cellular concretes formed from larger aggregate particles, used with much greater per- 
centages of conv entional air-e ntraining agents, and special whipping or mixing’ techniques. 
by Valore in ‘‘Cellular Concretes,’’ ACI JournaL, May 1954, Proc. V. 50, pp. 773-796. 
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These are described 
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comprises only 50 percent of the volume of the concrete, the mortar air con- 
tent would have to be 12 percent to produce 6 percent air entrainment in its 
concrete. | 

In the plastic phase of the concrete the entrained air functions as a lubricant 
or plasticizer. The action of the small bubbles has been likened to ball bearings 
between sand particles. Without apparent harshness an air-entrained mixture 
can carry appreciably more aggregate than can a conventional concrete. In 
fact an air-entrained mixture of aggregate and water without cement may 
appear and behave in the mixer or under the trowel exactly as would a rich 
concrete. Since such a sand-water mixture cannot set it will lose its air after 
an hour or two, reverting to a heap of harsh, moist aggregate. Air entrain- 
ment adds to the fluidity or slump of concrete and it is only possible to restore 
the initial degree of stiffness by adding solids, subtracting water, or by doing 
some of each. On an interchange basis for unaltered workability the amount 
of water that can be deducted is always less in volume than the air that is 
added. 

The durability imparted to the hardened concrete seems to be due primarily 
to the cushioning action of the small air globules interspersed between the 
solids. The disruptive swelling of freezing water or salt crystal formation 
apparently finds relief in much the manner in which the air dome on a pump 
operates to equalize and reduce pressure concentrations. 


A distinction must be made between entrained air and entrapped air. A 


harsh or poorly consolidated mixture will contain sizable pockets of entrapped 
air. In general these are many times the volume of air-entrainment globules 
and contribute little or nothing toward relief against disruptive pressures. 


A distinction needs also to be drawn between entrained air globules and the 
partially air-filled capilliaries that are present throughout the concrete after 
a portion of the free water (capillary water) has been lost by evaporation or 
from being drawn upon for hydration purposes as curing progresses. That the 
partially air-filled capillary passages do supply some cushioning effect seems 
evident from the fact that hardened non-air-entrained concrete of even weak 
or poor quality is virtually immune to damage from alternations of freezing 
and thawing when air dry, whereas the same concrete in the saturated con- 
dition may be disrupted or severely damaged by only a few alternations of 
freezing and thawing. In the saturated condition not only is free moisture 
present to freeze and swell, but the capillaries lack the cushioning effect of air. 


Concrete with a high water-cement ratio is extremely vulnerable to alter- 
nations of freezing and thawing (under saturated conditions, of course) 
because the volume of the capillaries and the free moisture they contain are 
greater than with low water-cement ratio. 


Again the capillaries are passageways that supply ingress and egress to water 
and chemically active or disruptive solutions. Some of them permit free 
moisture to percolate entirely through the concrete mass (make it permeable). 
The result may be a leeching out of essential constituents, or disruptive crys- 
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tallization or chemical attack in the case of salt solutions or other fluids. In 
contrast to this the minute air globules are closed and continuously air filled, 
maintaining their cushioning character and contributing neither to chemical 
attack nor to the passage of liquids. 

On the other hand air entrainment, while increasing the durability (in 
contrast to the effect of excess mixing water), generally decreases the strength 
much as do the water voids. The explanation lies in the fact that neither an 
air bubble nor an equal volume of capillary has strength comparable to the 
solid particles displaced by it. Both are voids and as such they spread the 
solid particles, decreasing the solidity or density of the concrete. It is this 
fact that establishes the similarity of the voids-cement ratio and the water- 
cement ratio ¢s valid criteria for predicting the potential strength of a concrete. 


PRODUCTION OF AIR ENTRAINMENT 


The purely physical phenomenon of fine-bubble foaming that results in air 
entrainment is produced by the presence of very small amounts of resinous, 
soapy, oily, or greasy materials at the time the concrete is mixed. The air- 
entraining agent may be added as an ‘‘admixture’’ at the mixer (usually in the 
mixing water to insure uniformity of dispersion) or it may be as an “‘addition”’ 
incorporated with the cement during final grinding. Each method has ad- 
vantages and disadvantages. 

The use of air-entraining cement offers greater assurance against job errors 
in measurement or control but the percentage of entrained air is tied to the 
cement factor.* For small jobs and inexperienced operators, the use of air- 
entraining cement finds its greatest justification. In the manufacture of air- 
entraining cement care must be exercised that the heat evolved in the final 
grinding is kept below that which may volatilize the agent, decreasing its 
amount or eliminating it altogether. That is a responsibility of the cement 
manufacturer and should be detected by the acceptance tests (ASTM C 175 
and C 185) which require that a 1:4 (by weight) graded standard Ottawa 
sand mortar develop 19 + 3 percent of air by volume. 

When it is realized that the amount of the agent required may be as little as 
one-ten-thousandth part of the cement—0.01 percent (one or two spoonfuls per 
sack)—the importance of refined job measurement becomes apparent even 
though the dosage be placed in the mixing water to facilitate uniformity of 
distribution. 


CONTROL OF AIR ENTRAINMENT 


The pronounced influence of a slight variation in the percentage of air 
entrained on the consistency of the plastic mixture, and on the strength of 
hardened concrete, imposes a necessity for close, continuous control over the 
actual air content of the concrete regardless of how the agent is introduced 


*Tending to offset the fact that more of the agent goes to the rich mixtures where it is needed least, however, 
is the fact that a given amount of agent produces less air in a rich mixture than it does in a lean one. 
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into the mixture. Fortunately there are several readily available and easily 
used types of dependable air meters and there is no valid basis for a lack of 
adequate control.* 


Many secondary factors affect the nature and extent of air entrainment in 
relation to the amount of the agent used. Among these are: 


Shape and size of aggregate particles—Rounded particles entrain more air than angu- 
lar; medium sand, 30-100 mesh, is (as stated) primarily the air-entraining aggregate 
component. 

Richness of the mixture—Entrainment is less for rich mixtures and for finely ground 
cements. 

Temperature—Coolness favors greater entrainment. 

Slump—For slumps over about 5 in. loss of entrained air prior to set is facilitated. 

Mizing, time and manner—Undermixing tends to reduce the air and overmixing 
tends to lose air. Vigorous mixing may at one stage tend to whip air into the mixture 
and at another, facilitate its escape. 

Placement and hauling—Long hauls and delayed placement tend toward loss of air. 

Other admixtures and impurities—Carbon, fly ash, calcium chloride, and other sub- 
stances usually tend to inhibit or reduce air entrainment. 


RE-PROPORTIONING FOR AIR ENTRAINMENT 


Air cannot be added to a mixture without introducing unbalances in con- 
sistency and yield of the plastic concrete. These require attention. Moreover 
characteristics of the hardened concrete such as its strength are subject to 
scrutiny with a view to possible corrective adjustments. 


There are several approaches to the problem of finding a suitable air-en- 
trained equivalent of a non-air-entrained mixture. Three authoritative, 
accepted, fairly-widely-used re-proportioning techniques will be carried through 
and illustrated with the aid of tabular values and unit block diagrams for 
structural concrete (maximum aggregate 1.5 in. and slump 3 in.) that ranges 
from the rich Mixture A to the lean Mixture C. The three mixtures A, B, and 
C, all of good texture, are to be replaced by their equivalents of nominal 
4 percent air-entrained concrete, each of good texture and 3-in. slump. 


In any re-proportioning for air entrainment it is not possible to duplicate 
all of the pertinent characteristics of the base (non-air-entrained) mixture. 
With workabilities held constant, as in this case, there will be alterations in 
one or more of such other characteristics as strength, water-cement ratio, and 
yield.{ On an empirical basis mixture adjustments have been evolved for 


*While the approved types of air measurement—ASTM C 173 (volumetric method), ASTM C 138 (gravimetric 
method), ASTM C 231 (pressure method), and ASTM C 185—are relatively quick and simple, there are still 
simpler rough-and-ready nonstandard procedures useful for supplementary rapid check. The AE Indicator is 
discussed in Proceedings, Highway Research Board, V. 36, 1957, and in Public Roads, V. 29, No. 9, Aug. 1957, 
p. 206. Description of a simplified version of ASTM C 185 using a small can of known volume appears on p. 249 
of The Technology of Cement and Concrete by Robert F. Blanks and Henry L. Kennedy (John Wiley & Sons, Inc., 
New York, 1955). 

t Yield” and ‘‘cement factor” are, as mentioned previously, inverse measures of the same property of a concrete. 
Two mixtures having the same cement factor will have the same yield. Moreover the larger the cement factor the 
smaller is the yield. 
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re-proportioning at virtually: (1) the same strength, (2) the same water- 
cement ratio, or (3) the same yield, as the base mixture. In each case the 
workability (texture and slump) remains that of the base mixture. 


Fig. 1 shows the relationship between water-cement ratio and strengths 
on the basis of air entrainment up to 8 percent. Without allowance for any 
partial compensation by a reduction in mixing water, the nominal reduction 
in strength is 5 percent for each 1 percent of air added. The two scales below 
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Fig. I—W/C and C/W versus strength for air-entrained concretes (without any com- 
pensating reduction in water) 


For air-entrained concretes the reduction curves are on the accepted basis of 5 percent per | percent of 

entrained air. Note that the relationship between W/C and C/W is not linear; also that water-cement ratios 

of 4, 6, and 9 gal. per sack equal solid volume cement-water ratios of 0.9, 0.6, and 0.4—a relationship often 
useful for rapid approximate cross conversions 
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Fig. 2—lllustrative re-proportioning for air entrainment 


Block diagrams illustrating step-by-step operations for each of three methods of mixture adjustment for 
air entrainment. The non-air-entrained medium Mixture B of Table 1 is re-proportioned for a nominal 4 
percent of entrained air 


the curve cover the usual water-cement ratio units of “gal. per sack” and 
“by weight” respectively and the scale above gives the inverse cement-water 


ratio in terms of solid volumes (often called absolute volumes).* 


*In view of the physics concept of the space lattice constitution of all solids, the term absolute volume is obviously 
a misnomer. While on the subject of nomenclature there should also be mentioned an unfortunate conflict between 
the long established scientific use of the word density as weight per unit volume or as a synonym for specific density 
or specific gravity, and a common practice in concrete usage of employing the term as a synonym for solidity ratio 
(ratio of solids per unit volume). The confusing adoption of absolute volume for solid volume and of density for 
solidity ratio became current in the United States largely through their use in the authoritative Talbot-Richart 
University of Illinois Engineering Experiment Station Bulletin 137. In the interest of clarity these two minor 
but widely current nomenclatural ambiguities should be avoided 
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Apparent on Fig. 1 is the interesting and sometimes useful coincidence 
that a water-cement ratio of 6 gal. per sack is almost identical with the solid- 
volume cement-water ratio of 0.6 and that a cement-water ratio of 0.9 equals 
t gal. per sack, and of 0.4 equals 9 gal. per sack. Cross conversions between 
W/C units can be accomplished directly from the scales of Fig. 1. 

The block diagrams of Fig. 2 show, as a series of successive steps, the trans- 
formations involved in passing from the medium concrete (Mixture B) to the 
corresponding air-entrained mixture for each of the three specified criteria. 
Note that each rule is stated arbitrarily, sometimes in terms of definite weights 
which presuppose that the specific gravity of the aggregate differs little from 
the 2.65 that has been assumed. If the specific gravity varied appreciably 
the rule would have to be modified accordingly. 


Case 1—Strength and workability unchanged 

This procedure is outlined by the Portland Cement Association in ‘Design 
and Control of Concrete Mixtures” (PCA Bulletin T12, 10th Edition, 1954, 
Dp. 49). 

Rule: For each 1 percent of air to be entrained and for each sack of cement per 
cu yd of concrete: reduce the water \4 gal.; reduce the fine aggregate 10 lb. 

Referring to Base Mixture B, the solid volume constituents of a unit volume 
of the concrete are listed in Table 1. These proportionate parts comprise the 
left hand block of Fig. 2. The corresponding quantities per cu yd appear in 
Lines 9-12. 

Blocks E evolve from Block B. First the 4 percent air is added to Block B 
raising the volume from unity to 1.04. By application of the rule to the 
quantities of Lines 12 and 10 of Table 1 the reductions in water and fine 


aggregate respectively become: 


For the water, 
(14) (4) (5.5) = 5.5 gal. = 45.9 Ib 
The new amount of mixing water becomes 300 16 = 254 lb 
For the fine aggregate, 
(10) (4) (5.5) = 220 lb 
and the fine aggregate becomes 1228 220 = 1008 lb 


Reduced to cu ft the new batch quantities become:* 


Cement 517 + 196.6 = 2.63 cu ft 
FA 1008 + 165.4 6.10 cu ft 
CA 2010 + 165.4 12.15 cu ft 
Water 254 + 62.4 = 4.08 cu ft 
Air (0.04) (27 1.08 cu ft 


Total 26.04 cu ft or 26.04/27 0.964 cu yd 


What was initially 1 cu yd has been increased in volume by 1.08 cu ft of air 


and decreased by subtractions of fine aggregate and water resulting in a net 
volume of only 26.04 cu ft or 96.4 percent of unity. 


*Solid weights are given in note to Table 1. 
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Each of the proportionate batch amounts divided by the new volume of the 
batch (0.964 instead of 1.000) gives the relative amount of each constituent 
expressed as the proportionate part of a unit block (cu ft per cu ft, cu yd per 
cu yd, etc.). These are the values of Lines 15 to 19 of Table 1, plotted on the 
final block diagram for Mixture E. 

This re-proportioning was intended to produce a mixture having the same 
nominal strength as that of Base Mixture B. The water-cement ratio of the 
re-proportioned mixture is 264/8.34 + 536/94 = 5.53 gal. per sack (given on 
Line 5 of Table 1). Referring again to Fig. 1 the nominal strength correspond- 
ing to 5.53 gal. per sack at 4.2 percent air is about 3600 psi. The corresponding 
strength of the non-air-entrained Mixture B at 6.55 gal. per sack (Fig. 1 or 
Table 1, Line 5) is virtually the same, showing that the condition of equal 
strengths has been met. Presumably the workability (slump and texture) 
is also unchanged. To check this aspect a trial batch determination would be 
required, which might show possible minor adjustments needed. 

Comparing the relative quantities of Batches B and E (Lines 9-13 or 15-19 
of Table 1) it is apparent that the cement factor has been increased slightly— 
from 5.50 to 5.71 sacks per cu yd (Line 7 of Table 1), or from 517 to 536 lb 
per cu yd (Line 9), or from 0.097 to 0.101 per unit volume (Line 15). This 
means that the yield 27 + 5.71 = 4.73 cu ft per sack (Line 29, Table 1) 
decreases about 3.67 percent (same as the percentage increase in cement factor). 
Thus air entrainment for this particular mixture was secured at an increase of 
about 4 percent in the cement requirement. 

Referring to the companion mixtures of Table 1, (also Fig. 4) D versus A 
(rich) and F versus C (lean) we find that the sacrifices in yields (increases in 
cement factors), are about 6.1 and 1.7 percent respectively (less as mixtures 
become leaner). 

Case 2—Water-cement ratio and workability unchanged 

This procedure is also described by the Portland Cement Association (ibid. 

p. 19). 


Rule: For each 1 percent of air to be entrained: increase the amount of coarse 
aggregate about 5 percent. 


This is a simple expedient capitalizing upon the added aggregate-carrying 
capacity (fluidity and fatness of texture) imparted by air entrainment. Base 
Mixture B as re-proportioned now becomes Mixture H of Table 1 and Fig. 2. 
The block diagrams are constructed as before, Block B being increased to 
1.04 by the addition of air. The coarse aggregate to be added is (4) (0.05) 
(2010) = 402 lb per cu yd or 402 + 165.4 = 2.43 cu ft per cu yd = 0.090 
cu ft per cu ft. The volume of unit Block B becomes: 


0.540 + 0.275 + 0.097 + 0.178 + 0.040 = 1.130 
(Coarse aggregate) (Fine aggregate) (Cement) (Water) (Air) 


and the proportionate constituents of a unit volume become 


0.478 + 0.244 + 0.086 + 0.157 + 0.035 = 1.000 
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as per Lines 15-20 of Table 1 and the right hand block for Mixture H of 
Fig. 2. 

Examination of these results shows that while the water-cement ratio has 
been unchanged, most of the other characteristics of Mixture H differ appre- 
ciably from those of Base Mixture B. Although re-proportioning was ac- 
complished by adding 20 percent of coarse aggregate without other alteration, 
the final mixture attained shows a relative coarse aggregate increase of only 
6.2 percent over that of the base mixture. The fine aggregate (unaltered) 
actually shows a relative decrease of 11.2 percent. The water and cement 
have likewise each been decreased by 11.2 percent (without alteration in 
W/C of course). The reduction in the relative cement content (about 2/3 
of a sack per cu yd) gives a corresponding increase in the yield. From Fig. | 
it is apparent that adding air without alteration in the water-cement ratio 
will lower the strength which for 3.5 percent air at W/C = 6.55 gal. per sack 
(Table 1, Line 5), approximates 2900 psi, a strength reduction of 17 percent. 
Moreover the air that is entrained proves to be only 7% of the 4 percent that 
was specified. 


The companion mixtures G versus A (rich) and I versus C (lean), of Table | 
and Fig. 4, show about the same percentage sacrifices in strength with decreases 


of about 11.2 percent in cement factors and corresponding increases in yields. 


Case 3—Cement factor (yield) and workability unchanged 


te-proportioning on this basis follows closely the procedure outlined by 
Walker and Bloem in “Design and Control of Air-Entraining Concrete,” 
(Publication No. 60, National Ready Mixed Concrete Association, Dec. 1955). 


As before, the volume of the unit block is initially increased by the volume 
of the air entrained (4 percent in these cases). 


This procedure then resolves itself to reducing mixing water sufficiently to 
restore the consistency of the base mixture in conjunction with a sufficient 
removal of aggregate (usually but not necessarily fine aggregate) to restore the 
volume of the block to unity. The reduction in mixing water that will restore 
the consistency is always less than the volume increase due to the air, which 
means that some aggregate must always be extracted. The amounts of these 
reductions vary with the cement factor and the percentage of air to be entrained 
and are determined empirically from the curves of Fig. 3. The scales along 
the opposite margins make it easy to operate either on the basis of the cubic 
yard or relative unit volumes, i.e. cu ft per cu ft. 


Referring to Fig. 3, upper curves, the reduction in water will be 3.2 gal. 
per cu yd or 0.016 cu ft per cu ft. By referring to the lower curves the cor- 
responding reduction in aggregate is 0.024. These total 0.040, the total 
reduction required, which could have been obtained by subtracting the 0.016 
from 0.040 without recourse to the lower curves. (In other words Fig. 3 is 
redundant, one curve or the other being sufficient except as a check. 
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The unit quantities for the re-proportioned Mixture K are as shown on 
Lines 15-20 of Table 1 or on the right hand block diagram of Fig. 2: 


0.450 + 0.251 + (Q.097 + 0.162 + 0.040 = 1.000 
(Coarse aggregate Fine aggregate (Cement (Water (Air 


With the cement factor having remained constant at 0.097, or 5.50 sacks 
per cu yd, the yield (Line 29) of Mixture K is identical with that of base 
Mixture B. The water-cement ratio has been decreased however, since water 
was extracted from the mixture. The cement-water ratio by solid volume 
(Lines 15 and 18, Table 1 and last block of Fig. 2) is 0.097 + 0.162 = 0.598. 
Kixpressed as W)C, instead of C/W this becomes 5.96 gal. per sack or 0.53 





10 | T 0.05 
Water reduction for constant 
workability at same cement 


4 


concrete 
per cu. ft. 


yd. 


Cu. 
Water reduction, 


cu: Ft. 


w 
Cc 
° 
o 
mo 
- 
° 
— 
oO 
=] 
ao] 
a 
- 
_ 
ov 
_ 
o 


per 





Aggregate (FA) reduction to offset net 
increase of air plus reduced water 

over initial volume of 
rwoter 

















reduction, 
per cu. ft. 








reduction, cu. ft. 





concrete 





Aggr. 
cu. ft 








solid volume per Cu. 


Sand 
yd. 


1 1 | it 1 


0 
4.0 4.5 5.0 5.5 6.0 6.5 7.0 





Cement factor, sacks per cu. yd. 


Fig. 3—Reductions in water and aggregate to maintain consistency and yield unchanged 


Reduction in water plus reduction in aggregate equals the volume of the air that is to be entrained. Reduc- 
tions may be made on basis of quantities per cu yd or in terms of relative unit volume 
(Walker and Bloem method, Case 3) 
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by weight. Referring to Fig. 1, the approximate strength should be 3200 psi 
representing a reduction of about 8.6 percent. 

Since for Case 3 the yields (Line 29) of the re-proportioned mixtures are 
identical with those of the corresponding base mixtures, and the calculated air 
content proves to be the same as that initially stipulated, the difference be- 
tween the air-entrained and non-air-entrained mixtures is reflected solely in 
the relative water-cement ratios and the corresponding relative strengths of 
the two mixtures. 

Comparing the rich mixtures, J versus A, the approximate strengths (Table 
1, Line 6) are 4100 and 4800 psi, an air-entrainment reduction of 700 psi 
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Fig. 4—Mixtures A, B, and C (rich, medium, and lean) re-proportioned for 4 percent 
air on the basis of equal strengths (D, E, and F); equal W/C (G, H, and |); and equal 
yields (J, K, and L) 


All quantities in terms of unit solid volumes. Mixtures A, D, G, and J are rich; B, E, H, and K are medium; 
C, F, 1, and L are lean. Slump constant at 3 in. For details see Table 1. 





RE-PROPORTIONING FOR AIR ENTRAINMENT 645 


(approximately 14.6 percent). The lean mixtures L versus C show strengths 
of 2400 and 2000 psi, an increase of 400 psi amounting to 20.0 percent. 


CONCLUSION 


The three base mixtures selected (A, B, and C) represent virtually the 
entire range of mixtures for structural concrete of intermediate consistency. 
The cement contents vary from 7 to 4 sacks per cu yd and the water-cement 
ratios from 5.14 to 9.00 gal. per sack (from 0.45 to 0.80 by weight), and the 
yields from 3.86 to 6.75 cu ft per sack. Four percent of entrained air is 
representative of common practice. The results of these comparisons are, 
therefore, general and provide an excellent basis for acquiring perspeetive 
on pros and cons of currently recognized alternative approaches to the prob- 
lem of re-proportioning for air entrainment. 

Case I, re-proportioning for equal strength and consistency, is quite satis- 
factory. The air entrainment attained differs little from that specified. 
Yields are reduced slightly, perhaps 7 percent for the richer mixtures and not 
more than about 2 percent for the leaner. 

Re-proportioning at constant water-cement ratio and consistency (Case 2) 
produces rather wide departures from the characteristics of the base mixtures 
over the entire range of mixtures. The rich, medium, and lean mixtures are 
affected about equally. Strengths are lowered about 17 percent, yields in- 
creased about 13 percent, and the final calculation shows an air content of 
3.5 percent, about 12 percent less than the 4 percent specified. 

Perhaps the most satisfactory basis for re-proportioning is that of Case 3 
at equal yield and consistency. The re-proportioned air-entrained mixture 
duplicates the base mixture in all essential respects but strength, which is 
lowered for the richer mixtures and increased substantially for the leaner 
ones. Case 3 focuses attention on the fact that the benefits of air entrainment 
are mainly in the realm of medium and lean mixtures—especially the lean ones. 

Actually Cases 1 and 3 provide almost equally satisfactory results. The 
writer does not regard Case 2 as being on a par with the others for obtaining 
the results normally desired in re-proportioning a mixture for air entrainment. 

Block diagrams showing the constituents of mixtures on a unit volume 
basis constitute a powerful aid in the visualization of every type of concrete 
mixture. In Fig. 4 the vertical solid lines supply not only the complete 
volume picture for each of the 12 mixtures compared and discussed, but by 
simple interpolation any intermediate mixture can likewise be evaluated. For 


a nominal 4 percent of air, a 3-in. slump and 1!4-in. maximum aggregate, 
Fig. 4 supplies graphic comparisons between air-entrained and non-air-en- 
trained concrete mixtures from the very rich to the very lean. Table 1 supple- 
ments Fig. 4 by supplying supporting details and related information. 


Discussion of this paper should reach ACI headquarters in triplicate 
by May 1, 1958, for publication in Part 2, September 1958 Journal. 








Title No. 54-35 


Study of Concrete Pipe in Service’ 


By W. J. McCOY,t R. J. SWEITZER,$ and M. E. FLENTJE§ 


SYNOPSIS 


Portions of concrete pipe were removed from five existing water lines and 
analyzed to determine the extent of any leaching of lime that might have oc- 
curred. The selected samples represented various types and ages of pipe as 
well as exposure to waters possessing several degrees of aggressiveness 

The cementitious structure of all test specimens was sound and appeared 
to be well bonded to the aggregate. Except for a thin inside surface layer usu- 
ally of the order of 0.03 in., none of the samples had experienced any significant 
leaching of lime 


INTRODUCTION 


Since concrete or mortar has been used as a lining for water mains in this 
country for over 100 years' and today is so well established in the water 
works industry there is little need to review the historical aspects or im- 
portance of these materials. The problem of possible extraction or leaching 
by water of lime and other compounds from cement, mortar, and concrete 
has been discussed in numerous papers.'® In most cases the authors re- 
ported that for dense, relatively impermeable concrete or mortar, the solu- 
tion effect of water on the cement compounds disappeared in a relatively 
short period. This initial removal of calcium occasionally led to speculation 
that the solution process might proceed sufficiently to remove enough cal- 
cium to cause significant deterioration of the concrete. Recently a paper by 
Simmonds’ has renewed speculation regarding the possible deterioration of 
concrete pipe in service being caused by the removal of lime as a result of 
passage of water flowing through the mains. 


TEST PROGRAM 
Specimens 
To obtain specific information on this problem, samples of concrete pipe 
from water lines were taken from five widely separated locations. Per- 
tinent data on these concrete pressure pipe samples and the waters which 
they earried are given in Table 1. Chemical characteristics of the waters 
indicate that several degrees of aggressiveness are represented. 


*Based on a paper presented at the ACI 53rd annual convention, Dallas, Tex., Feb. 27. 1957. Title No. 54-35 
8 a part of copyrighted JouRNAL or THE AMERICAN Concrete INstiTuTE, V. 29, No. 8. Feb. 1958, Proceedings V. 
54. Separate prints are available at 50 cents each. Discussion (copies in triplicate) should reach the Institute not 
later than May 1, 1958. Address P. O. Box 4754, Redford Station, Detroit 19, Mich. 

t+tMember American Concrete Institute, Director of Research, Lehigh Portland Cement Co., Coplay, Pa. 

{Director of Research and Development, Lock Joint Pipe Co., East Orange, N. J. 

§Chief Sanitary Engineer, American Water Works Service Co., Inc., Philadelphia, Pa. 
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TABLE 1—CONCRETE PRESSURE PIPE SAMPLES AND 
CHEMICAL DATA ON WATER CARRIED 


Pipe details Average analysis of water carried therein 


' F \ Total Calcium 

Type Di- Wall Years Alkalinity | hardness (as Total 

Location of ameter, | thickness of as CaCQs;)| (as CaCOs;) Ca), solids, 
pipe in. in. service ppm ppm ppm ppm 


Norfolk, Va. Cast 30 14 : 24 44 19.2 2290 
St. Petersburg, Fla. Cast 36 34 25 180 188 | 70.6 | 245 
Portland, Me. Spun 160 SO : 6 | 14 4.0 | 24 
Montreal, Canada Spun 36 80 94 } 89.0 | 135 
Birmingham, Ala. Spun 30 x 58 | 68 18.0 140 


Visual examination 

The first step in the examination of the five samples was to obtain a close- 
up photograph of the pipe wall cross section. Critical examination of the 
photographs (Fig. 1-5) which illustrate full size the cross sections of the pipe 
walls shows that in each case the concrete appears to be sound with no visible 
indication of lime leaching. Excellent condition of the pipe is further indi- 
cated by the fact that the aggregate did not pull out of the hardened mortar 
when the specimens were being cut from the original sample. 


Analysis of soft inner surface layer 

The depth of the thin, brownish, rather soft inside surface layer was then 
determined and this material was removed by scraping. This inner layer of 
surface material was found to be 1/32 in. thick in all cases except the pipe 
from Montreal, where its thickness was found to be between 2/32 and 3/32 in. 
The removed material was then ground by mortar and pestle to pass a No. 
200 sieve preparatory to chemical analysis. Results of the chemical analyses 
of this soft inside surface layer after dehydration at 600 C are given in Table 
2. 

The data of Table 2 indicate a loss of calcium from the inner surface of the 
concrete pipe with an apparent deposition of magnesium and, to a lesser ex- 
tent, iron. This might be expected if solution of Ca(OH). from the hydrated 
cement took place since both magnesium and iron would precipitate at the 
pH values that could result from the solution of Ca(OH). in the early stages 
of use of such concrete pipe lines. Since each of the pipe samples had a very 
thin layer of relatively soft material of nearly the same depth it appears that 
any solution of Ca(OH): proceeds to a certain degree and then slows down and 
stops 
Analysis of cement component of total sample 

Sections from each sample, with the inner surface material removed, were 
broken free from the original sample. Fragments chosen to represent the 
full thickness of the pipe were selected. From 500 to 1000 g of these frag- 
ments were heated to 600 C for 3 hr in an electric furnace. After the heat 
treatment, which destroys the strength of the cementing matrix by dehy- 
dration, the lumps were then oriented, on edge, individually on a narrow 
steel bar and split using a hammer and cold chisel so as to obtain approxi- 
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Fig. 1—Wall cross section of 
5-year-old cast pipe from 
Norfolk, Va. 


Fig. 2—Wall cross section of 
25-year-old cast pipe from 
St. Petersburg, Fla. 


Fig. 3—Wall cross section of 
3-year-old spun pipe from 
Portland, Me. 


mately equal inner and outer portions. The aggregate was separated from 
the sand-cement particles for both the inner and outer portions of each sample 
by hand screening on a No. 20 sieve. The material passing the sieve con- 
tains the aggregate passing No. 20 and all of the cement except the very 
small amount adhering to the aggregate retained on the sieve. A portion 
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Fig. 4—Wall cross section of 
22-year-old spun pipe from 
Montreal, Canada 


Fig. 5—Wall cross section of 
4-year-old spun pipe from 
Birmingham, Ala. 


of this material passing the No. 20 sieve was ground in a mortar and pestle 
to pass a No. 200 sieve and retained for the chemical analysis. 

The chemical analyses were made according to ASTM C 114-53 (in- 
soluble residue method) with single HCl dehydration of the silica from the 
acid-soluble filtrate followed by single gravimetric precipitation separation 
of the oxides. The FesO; and SO; were determined also by ASTM C 114-53 
methods. The alkalies were determined by the ASTM C 228-49T flame 
photometry direct intensity method. 

The chemical composition ‘of the acid soluble component (cement) of the 
total pipe sample including the inner surface material is listed in Table 3. 
Allowing for the small errors inherent in this type of analytical work, the 
composition of the cement component in each case approximates that of 
portland cement, which shows that there has been no significant removal 
of lime or any other of the compounds by the action of the water flowing 
through the pipes. 


Comparison of inner and outer layers 

Even though the data in Tables 2 and 3 indicated that any leaching action 
was limited to the thin surface layer (1/32 in.) there existed the possibility 
that aside from the surface layer some solution of the lime may have started 
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TABLE 2—COMPOSITION OF INNER SURFACE LAYER OF PIPE 


Location Norfolk St. Petersburg Portland Montreal Birmingham 


Thickness of inner layer, in. 1/32 1/32 


Acid soluble 
SiOs, percent 
Al.Os, percent 
Fe2Os3, percent 
CaO, percent 
MgO, percent 
SOs3, percent 
K:20O, percent 
Na2O, percent 


Acid insoluble percent 
Loss at 950 C, percent 


Total 


Analysis of acid soluble portion on 100 percent basis 


SiO2, percent 23 .§ 25 
AlzO3, percent 20. 
Fe20s, percent 10.2 
CaO, percent 22.¢ 
MgO, percent 10.2 
SOxz, percent 11.2 
KO, percent 0.5 
Na2O, percent 0.2 


Total 100 


TABLE 3—COMPOSITION OF DEHYDRATED CEMENT COMPONENT OF ENTIRE 
PIPE AS DETERMINED BY ANALYSIS AFTER HEATING AT 600 C 


" 
a Norfolk St. Petersbur Portland Montreal Birmingham 
SiO2, percent ; 24.8 2.7 2 20.0 
Al2Os, percent : 5.9 5.6 6 
Fe2O3, percent 3. 20 2 3.3 9 
CaO, percent 64.4 0 K 4 
MgO, percent 3.6 1.5 3.3 5.6 3.3 
SOs;, percent 1.5 q 2.5 
KO, percent f 0.00 25 0.28 
Na2O, percent 0.00 - 0.07 


Total 100.10 5 05 


to occur on the inner portions of the pipe walls but would not be evident when 
the entire pipe wall was considered as a whole due to the effect of averaging. 


To obtain more specific information on this point, analyses were con- 


ducted as previously described on the inner and outer sections of the pipe 


wall after removal of the surface coating and the results are given in Table 4. 
The significance of the comparative analyses of the wall sections is that the 
inner section represents that portion of the pipe wall which was closest to 
the water and mostly likely to have lime extracted and the outer section 
represents that part furthest removed from action of the water and the least 
likely to undergo any leaching action. Thus if any appreciable quantity of 
the cementitious component of the concrete had been removed due to the 
action of the water, it would be readily evident upon examination of the com- 
parative data for the inner and outer sections respectively. 
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TABLE 4—COMPOSITION OF INNER AND OUTER PORTIONS OF PIPE WALLS 
AFTER — COATING REMOVED AND DEHYDRATION AT 600 C 


Location Norfolk. | St. Pete ilies Portland | Siete al Ridehaiheen 
} 


Portion Outer Inner | Outer Inner | Outer Inner | Outer Inner | Outer Inner 


Acid soluble 
(cement) 
SiOz, percent 
Al2Os, percent 
Fe2O3, percent 

*CaO, percent 
MgO, percent | 
SOs, percent 
K.O, percent 
Na2O, percent 

Subtotal 

Acid insoluble 

Loss at 950 C 


= 


SCuwnonc 
won 
PoE Nokes) 


poo SS Borsa oer 


82.3 
1.1 


or eto S 


Total, percent : .0 100.0 
*Cement/CaO 6 66 1.54 


Analysis of acid soluble portion on 100 percent it basis 

SiOz, percent [ 21.5 

Al.Os;, percent 6.! 

Fe2Os3, percent A 

CaO, percent | 63 

MgO, percent | 3.4 
| 


| com Brak 


24 


satel: 
= 


¢ 

1 
63 

1.! 

1 


| cou me 
oo 


SOs, percent 1. 
K,0, percent 
NaO, percent 


Oe hon 
NON W Creo 


0.00 ‘§ 26 0 
0.00 | 12 0.20 0 


= 
is 
SO 


Total 0.0: .05 | 100.10 100.00 | 100.03 99.93 | 100.04 100.04 
The important fact in determining whether significant leaching has taken 
place is the cement/CaO ratio. Variation of the calcium oxide content alone 
is not significant since that depends on the cement content and the percentage 
of cement present in the various sections of a given pipe wall can vary de- 
pending on the process used in manufacturing the pipe. For example, in 
spun pipe there will be a higher percentage of cement in the inner section 
than the outer section due to the centrifugal action during manufacture. 


Table 4 shows that cement/CaO ratios for the inner and outer sections 
of the five pipe samples are almost identical. Also within experimental 
error in each case the composition of the cement constituent approximates 
that of portland cement. These data show that the removal of any of the 
cementitious component has not progressed into the wall of the pipe. 


Layer-by-layer analysis of St. Petersburg pipe 


To further check on the possibility that some significant leaching might 
have occurred on the inner pipe section, a long, narrow longitudinal strip 
was cut from another specimen of the 25-year-old St. Petersburg pipe with a 
diamond saw. This shape of the test sample was selected since it minimized 
the effect of curvature of the pipe wall. The longitudinal section of the pipe 
wall was then laid on its side and cut lengthwise so that the inner half of the 
pipe wall was cut into five thin sections and the outer half was left intact 
(Fig. 6). The first thin section included the original soft inside coating of 
material. The cement content and the cement/CaO ratio was determined 
for each of these six sections. 
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Fig. 6—lllustration of sections of St. Petersburg pipe used for analysis in Table 5 


It was necessary to make some revisions in the analysis method since the 
aggregate could not be as readily separated from the thin section as was the 
case from the sections representing half the pipe wall. After heating to 600 C 


to destroy the strength of the cementing matrix, most of the coarse aggre- 
gate was removed and the remaining material was gently crushed and screened 
on a No. 100 sieve. The composition of the acid soluble portion of the minus 
No. 100 material was determined, and by correcting for the calcareous aggre- 
gate that had been crushed during the sample preparation the composition 
of the cement component was obtained. These data are given in Tables 5, 
6, and 7. 


TABLE 5—COMPOSITION OF SIX WALL SECTIONS OF 25-YEAR-OLD PIPE FROM 
ST. PETERSBURG, FLA. 


Portion Thin sections 
—_ - Outside 
Inside Nex Ne: xt Next Ne half 
+ -No. 100 mate rial, percent 81.6 91.¢ 91 2 91.9 92. "86. 4 
—No. 100 material, percent | 18.4 8.8 8.1 of 13.6 


Total, percent 100.0 100.0 100 0 . 100.0 


Acid soluble (— No. 100 material) 


SiOz, percent 
R2Os, percent 
CaO, percent 
MgO, percent 
Loss 950 C, percent 


_ 
"Go 


_ 


Total, percent 
Acid insoluble, percent 


wo) oO 
I) woe |] ODOwne 


Total, percent 


% 


th 
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TABLE 6—SOURCE OF CARBONATE IN ACID SOLUBLE PORTIONS OF WALL 
SECTIONS OF 25-YEAR-OLD PIPE FROM ST, PETERSBURG, FLA. 


Thin sections 

Carbonate source - Outside 
Inside Next half 

CO: from cement, percent 


3.§ 4.6 
CO: from aggregate, percent Ss 5 


9 
Loss 950 C (total CO2), percent } 10 
CaO equivalent to CO: from aggre 

gate, percent 5.8 7.6 
CaCO; equivalent to CO2 from 

aggregate, percent { 13.4 


TABLE 7—COMPOSITION OF CEMENT COMPONENT IN WALL SECTIONS OF 
PIPE FROM ST. PETERSBURG, FLA. 


Thin sections 
Concrete components —-- . - Outside 
Inside Next Next half 
Acid soluble (cement) 
SiO2, percent 
R2Os, percent 
CaO, percent 
MgO, percent 


14.8 
6.0 
46.2 
0.70 
Total, percent 67.70 


Acid insoluble, percent 39.§ ; 26.: ¢ 3 5 


CO; in cement, percent .€ 4.6 5 


~ 
Calcareous aggregate, percent 3 


Total, percent 0 
Cement/CaO 


Upon examination of the values obtained for 950 C ignition loss which 
indicates the CO, content, it will be observed that they appear somewhat 
higher than those reported in Table 4. This is believed to be due to the fact 
that some of the coarse calcareous aggregate was broken down during the 
sample preparation and is now included in the — No. 100 material. Since the 
coarse aggregate, which was calcareous, was carefully removed from the 
samples reported on in Table 4, the CO, content indicated by the loss at 
950 C can be assumed to have been derived from carbonation of the cement 
component. These data in Table 4 show that the amount of carbonation 
was equal to approximately 7 percent by weight of the cement. On this 
basis the amount of carbonation in the 950 C ignition loss reported in Table 
5 that is due to carbonation of the cement can be calculated by multiplying 
the amount of cement by 7 percent. If these estimated values are subtracted 
from the 950 C loss, the difference would be the carbonate due to contami- 
nation by the calcareous aggregate. The data of Table 6 were obtained in 
this manner. 

The analysis of the acid soluble material in Table 5 reflects the composi- 
tion of cement except for the CaO derived from the calcareous aggregate. 
When this correction for the calcareous aggregate on the basis of Table 6 
is applied to Table 5 the data of Table 7 are obtained. 
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The cement/CaO ratios given at the bottom of Table 7 and illustrated in 
Fig. 6 show that except for the very inside section this ratio is constant, 
which further confirms that no appreciable leaching of the lime has taken place. 


CONCLUSION 


Critical examination of concrete pipe specimens after various periods of 
service in water lines up to 25 years shows that except for a very thin inside 
surface layer no appreciable leaching of lime has occurred. This is significant 
in view of the fact that these samples were selected to represent concrete 
pipe lines handling waters with various degrees of aggressiveness, ranging 
in pH from 6.8 to 8.0 and alkalinity (as CaCO;) from 6 to 180 ppm. 
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Ultimate Strength Design of Rectangular Concrete 
Members Subject to Unsymmetrical Bending* 


By TUNG AUt 


SYNOPSIS 


The procedures of proportioning rectangular reinforced concrete sections 
subjected to unsymmetrical bending in two directions based on ultimate 
strength method are formulated and discussed. To simplify design computa- 
tions, charts are provided for determining dimensions of the equivalent com- 
pressive stress block after dimensions of the section and the arrangement of 
the reinforcement are assumed. Thus, the stresses in the tensile steel can be 
checked to verify the validity of the assumed section. The charts can be con- 
veniently applied to sections subject to unsymmetrical bending with or with- 
out compressive force. 


INTRODUCTION 


The design of rectangular reinforced concrete sections subject to unsym- 
metrical bending in two directions, often called skew bending, involves trial 
and error solutions. When the design is based on the ultimate strength of the 
section, simplification of design procedures can be made possible by assum- 
ing equivalent uniform stress distribution over the compressive concrete 
area. This assumption of equivalent rectangular stress block is permitted 
by the report of ACI-ASCE joint committee on ultimate strength design,' 
and has been used by H. Craemer? in the derivation of design equations for 
skew bending in reinforced concrete based on plasticity. While his method 
of solution by iteration is applicable to bending with or without normal 
force, his remarks have been directed primarily to the design of beams sub- 
ject to skew bending rather than the design of columns loaded eccentrically 
in two directions. Moreover, his equations are based on further assumptions 
that the stress at extreme compressive fiber of the member equals prism 
strength f.’ and that the average stress over the entire compression zone is 
0.85f.’. In this paper, the design equations are generalized and adapted to 
the assumptions and notations of the ACI-ASCE report. For convenient 
application, these equations are also expressed in dimensionless form. 


Charts are provided to simplify the procedures of evaluating the dimensions 
of the equivalent compressive stress block from the equations. Thus, the 


*Received by the inatitte Apr. 29, 1957. Title No. 54-36 is a part of copyrighted Journat or THE AMERICAN 
Concrete Institute, V. No. 8, Feb. 1958, Proceedings V. 54. Separate prints are available at 60 cents each. 
Discussion (copies in Siplicets) should reach the Institute not later than May 1, 1958. Address P. O. Box 4754, 
Redford Station, Detroit 19, Mich. 
tMember American Concrete Institute, Visiting Associate Professor of Civil Engineering, Carnegie Institute 
a we y, Pittsburgh, Pa.; formerly Assistant Professor of Engineering Mechanics, University of Detroit, 
etroit, Mic 


657 





658 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


February 1958 


solution of the problem is obtained by first assuming the dimensions of the 
section and the arrangement of reinforcement, and then by checking the 
stresses to verify the validity of the assumed section. Such work often re- 


quires several repetitions, but can be simplified by use of the charts. 


Notation 


GENERAL CONSIDERATIONS 


The letter symbols conform with the definitions of the ACI Building Code 


(ACI 318-56)* wherever possible. 


they first 


appear. 


area of tensile reinforcement 

area of a single tensile bar at a dis- 
tance h,; from neutral axis 

area of compressive reinforcement 
k,\h = depth of equivalent stress 
block measured from extreme 
compressive corner to neutral axis 
in perpendicular direction (Fig. |, 
2, and 3) 

width of rectangular section 
distance from extreme compres- 
sive corner to neutral axis meas- 
ured along the side of rectangular 
section parallel to y-axis (Fig. 1) 
distance from extreme compres- 
sive corner to.centroid of tensile 


reinforcement measured in the di- 


rection of z-axis 

distance from extreme compres- 
sive corner to centroid of tensile 
reinforcement measured in the di- 
rection of y-axis 

distance from extreme compres- 
sive corner to centroid of com- 
pressive reinforcement measured 
in the direction of z-axis 
distance from extreme compres- 
sive corner to centroid of com- 
pressive reinforcement measured 
in the direction of y-axis 

ez’ + rz = eccentricity of  ulti- 
mate direct load measured from 
centroid of tensile reinforcement 
in the direction of z-axis 

ey + ry = eccentricity of  ulti- 
mate direct load measured from 
centroid of tensile reinforcement 
in the direction of y-axis 


Terms not included here are defined when 


eccentricity of ultimate direct load 
measured from centroid of rec- 
tangular section in the direction of 
x-axis 

eccentricity of ultimate direct 
load measured from centroid of 
rectangular section in the direc 
tion of y-axis 


modulus of elasticity of steel 


= average strain in tensile rein 


forcement at ultimate strength 
strain in a single tensile bar at a 
distance h,; from neutral axis 
28-day cylinder strength of con- 
crete 

average stress in tensile reinforce- 
ment at ultimate strength 

stress in a single tensile bar at a 
distance h,; from neutral axis 
yield point of reinforcement, not 
to be taken greater than 60,000 
psi 

(f, — 0.85f.’) to account for con- 
crete area displaced by compres- 
sive reinforcement 

depth of equivalent stress block 
measured along y’-axis (Fig. 1) 


= numerical difference of the depth 


of equivalent stress block meas- 
ured along y’-axis and the depth 
measured along one side of the rec- 
tangular section parallel to y’-axis 
(Fig. 1) 

perpendicular distance from ex- 
treme compressive corner to neu- 
tral axis at ultimate strength (Fig 
1, 2, and 3) 

perpendicular distance from cen- 
troid of tensile reinforcement to 
neutral axis at ultimate strength 
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perpendicular distance from a 
single tensile bar under considera- 
tion to neutral axis at ultimate 
strength 
ratio of average compressive stress 
to 0.85f," 


f,/O0.85f¢ 


m— 1 

ultimate moment in pure bending 
or due to P,, about z-axis 

ultimate moment in pure bending 
or due to P, about y-axis 

distance from extreme compres- 
sive corner to the interior edge of 
equivalent stress block measured 
along the side parallel to z- and y- 
axis, respectively (Fig. 2) 

distance from extreme compres- 
sive corner to neutral axis at ulti- 


ultimate direct load capacity for 
the member subject to bending in 
two directions 


= distances shown in Fig. 3 
= distance from centroid of tensile 


reinforcement to y’-axis 

distance from centroid of tensile 
reinforcement to z’-axis 

distance from centroid of com- 
pressive reinforcement to y’-axis, 
thusr, + r,’ = d, —d,’' 
distance from centroid of com- 
pressive reinforcement to 2’-axis, 


thus r, +r,’ = dy — d,’ 


= total depth of rectangular section 
= distance from extreme tensile 


corner to the interior edge of the 
equivalent compressive stress 
block measured along the side 
parallel to z- and y-axis, respec- 


mate strength, measured along the tively (F 1.) ° 

side parallel to z- and y-axis re- = distance from extreme tensile 
spectively (Fie. 2) ’ corner to neutral axis at ultimate 
p = A,/bt 


p’ = A,’ /bt 


strength, measured along the side 
parallel to z- and y-axis, respec- 
tively (Fig. 3) 


Basic concepts 

When a rectangular reinforced concrete member is subjected to skew 
bending, the neutral axis will intersect either two opposite sides or two ad- 
jacent sides of the rectangular section. The latter can further be classified 
by the area of the compression zone which may be smaller or greater than 
half of the rectangular area formed by a diagonal. These cases are shown 
in Fig. 1, 2, and 3, respectively. Following the restriction imposed on the 
ratio kj by the ACI-ASCE report! for rectangular section subject to com- 
bined axial load and bending in one direction, the depth of the equivalent 
stress block measured from the extreme compressive corner to the interior 
edge should be taken as a = kyh in the case of skew bending as shown in Fig. 
1, 2, and 3, where k; is taken not greater than 0.85 and is to be reduced at the 
rate of 0.50 per 1000 psi concrete strength in excess of 5000 psi. Thus, the 
neutral axis is parallel to the interior edge of the equivalent compressive 
stress block, and at a distance h from the extreme compressive corner. 

At ultimate strength, the compressive reinforcing bars are stressed to 
yielding but the stresses in the tensile reinforcing bars may or may not reach 
yield point. If tensile bars farthest away from the neutral axis have yielded 


with large deformations before crushing of concrete at extreme compressive 
corner, the capacity of the member is controlled by tension. On the other 
hand, if all tensile bars are stressed below yield point while crushing of con- 
crete occurs at the extreme compressive corner, the capacity of the member 


is controlled by compression. In the former case, only the equations of 
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equilibrium are needed to solve the problem while in the latter case, an addi- 
tional compatibility equation relating the strains in concrete and in tensile 
steel must be introduced to determine the stresses in the tensile reinforcing 
bars. 


The solution of the problem, therefore, must satisfy the following conditions 
of equilibrium: 


1. All forces normal to the section—i.e. the applied load, the resultant of the tensile 
forces in the steel, and the resultant of the compressive forces in compressive steel and 
concrete—must be in equilibrium. Hence, £F, = 0 in which z represents the direction 
of the normal forces. 

2. These resultant forces must all lie in the same plane such that the moments in the 
plane of the resultant forces must be in equilibrium. A corollary of this statement is 
that the moments of the resultant forces with respect to any axis lying on a plane per- 
pendicular to these forces must be in equilibrium, such as >M, = 0 and 2M, = 0 where 
x, y, and z are mutually perpendicular axes in space. 


With reference to Fig. 1, 2, and 3, P, denotes the point of application of the 
ultimate direct load. The centroids of tensile reinforcing bars and com- 
pressive reinforcing bars are located at points 7’ and C, respectively. The 
point C, is not to be confused with the point of application of the resultant of 
compressive forces in compressive steel and concrete. 

The additional compatibility equation can be obtained by using a maxi- 
mum allowable strain of 0.003 for concrete in compression and assuming a 
linear strain distribution along a line perpendicular to the neutral axis at 
ultimate strength. Modulus of elasticity for steel FE is assumed to be 30 10° 
psi. 


Examination of the assumptions 

Using the ordinary assumptions as recommended by the ACI-ASCE re- 
port,! the following conditions are implied in the derivation of the equations 
of equilibrium: 


1. To be effective in action, compressive bars should not be placed in the parallel 
strip of compression zone between the interior edge of the equivalent stress block and 
the neutral axis. 

2. Although the stress below yield point in each tensile bar varies linearly as the dis- 
tance from the neutral axis to the bar, an average stress f, can be used for the entire bar 
group in determining the resultant tensile force. 

3. Consequently, the centroid of tensile bar group can be considered as the point of 
application of the resultant tensile force. 


These conditions impose restrictions in the arrangement of steel reinforce- 
ment in the case of skew bending. The first condition can easily be fulfilled 
but the last two conditions can be checked only after the solution is obtained. 
From the linear distribution of stresses in tensile bars below yield point, the 
stress in a particular tensile bar can be related to f, as follows: 


fos _ 
’ a 


hej hej 
—, or f.j = 5, 
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It is seen that the second condition requires: 


he; 
Aufe = Yi Aaj foi = SOAs (*)s 


h, 


The third condition requires: 


h?,, 
Ae fa he = DAs fos hes = SL Ass (’ Js 


he 


In actual practice, however, such precision is seldom needed if engineering 
judgment is exercised in selecting the location of reinforcing bars. For in- 
stance, the reinforcement may be arranged in a regular pattern. Then some 
bars near the neutral axis should be excluded in the computation so that the 
assumed conditions will not be drastically violated. 


Procedures in design 


In the design of the member, the dimensions of the section and the arrange- 
ment of the reinforcement are first assumed either from previous experience 
or by crude approximation. A first approximation for locating the neutral 
axis can be made by observing that the applied load, the resultant of the 
tensile forces in steel, and the resultant of the compressive forces in com- 
pressive steel and concrete must all lie in the same plane. This will classify 
the problem as one of the three cases represented by Fig. 1, 2, and 3. A closer 
approximation will not be necessary if the tensile reinforcement and com- 
pressive reinforcement are placed far away from the neutral axis. When the 
reinforcing bars are arranged in a regular pattern, a shift of neutral axis 
may also change the areas and centroids of the tensile steel and compressive 
steel. However, this need not make the problem more complicated since 
the bars near the neutral axis are not effective and should be ignored in the 
computation. As examples, such bars are represented by small hollow circles 
in Fig. 1, 2, and 3. 

When the member is subjected to pure skew bending, it is always desirable 
to design the member to be controlled by tension for a number of reasons, 
such as to avoid sudden crushing of concrete without warning, to provide 
high energy absorption for impact, and to minimize the influence of local 
defects in concrete. In that case, the section should be so proportioned that 
the tensile bars are stressed to yield point. Even then, some of the bars 
closer to neutral axis may be understressed while enough tensile bars have 
yielded to cause tension failure. When the member is subjected to com- 
pressive force as well as bending, such as in the case of columns eccentrically 
loaded in two directions, the section can be controlled either by tension or 
compression failure, depending on the magnitudes of the eccentricities. If the 
eccentricities are small, it is likely to be controlled by compression. 
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EQUATIONS OF EQUILIBRIUM 


Case 1—Section with neutral axis intersecting opposite sides 
Pym ie, 

In Fig. 1, the shaded trapezoid for equivalent compressive stress block 

can be considered as a rectangular area gb, plus and minus a triangular area 

(1/2)g.(b/2) at the right and left of y’-axis respectively. Thus, from the 


equilibrium of forces in the direction of z-axis, LF, = 0, 
P,, = 0.85 f.’ ba 


From the equilibrium of moments about z-axis, 2M, = 0, 


Y% g.*| 


and from the equilibrium of moments about y-axis, 2M, = 0, 


Mwy = Pst = Palts + €, 


= 0.85 f.’ b [gr. + ob Jo] + A,’ f,’ (d: d,’) 


iA hal . . . . . 
hese equations can be rearranged and expressed in dimensionless form: 


pmf./fy = Co 


u(zy ‘) i. (9 
. d, d, : 
Ts g g 
re Pa 
( :) (“.) 7% (%) ‘ 


in which Co, C,, and C2 are defined as follows: 


(a) for skew bending with compressive force 


y g ; r 
- ° + pm y= 
d, 0.85 f.’ bt 
d d, Pp. Pa e,’ 
p'm -— + — i. 
l l 0.85 f. btX\ t 


d,' 
a 
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(b) for pure skew bending 


Since C; and C, involve only quantities given or assumed, the terms g/d, 


and g,/d, are obtainable by solving Eq. (2a) and (3a) simultaneously. The 
stress f, can be computed from Eq. (la) after first evaluating Cy by either Eq. 
(4) or Eq. (7) as the case may be. 


The neutral axis can be located from the geometrical relations in Fig. 1, 


Hence 














—_— 


b 





———_———_o~ 


Fig. 1—Section with neutral axis intersecting opposite sides—Case | 
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Case 2—Section with neutral axis intersecting adjacent sides, 
compression zone being less than half of area 


In Fig. 2, the shaded triangle represents the equivalent compressive stress 
block. From the equilibrium of the forces in the direction of z-axis, LF, = 0, 


oe... ae ' 
Pum ah n,n, + A, fy — A,f,. : , -(11) 


From the equilibrium of moments about z-axis, 2.M, = 0, 


My. = Puty P. (ry + e,') 


Ny 


_ A,' fy’ (dy — 
») + Aj’ fy’ ( 


and from the equilibrium of moments about y-axis, 2M, = 


Muy = Paez = Pu (rs + 2’) 
nn PY j Nz LAS fy! (d 
ss os &. z v "Piece a " ‘he y az 
9 fe Nz Ny | ¢ 3 . 


Similarly, these equations can be arranged as follows: 


pmf./fy = Qo 


()(#)[1-»(2)] 
(i=) (&) [+ - 6 (%)_ 


in which Qo, Q; and Q2 are defined: 





(a) for skew bending with compressive force 


‘ d, d, Nn» ny oe P. 
= \ O52) Na.) \a,) 7?” ~ Obs! bt 
2b Bie d, d,’ Fe 4. 
nea 4a 0.85 f’ bt\t 


2b? t ‘ d, d,’ _ ££ Tz 4. 
aa te 0.85 f.bt\b 
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(b) for pure skew bending 

d, dy, Nz Ny ae 

,= — —_ om n 

2bt)\d.J/\a,J 7?” 

; Mu: 
~ 0.85 f. be 
d. d,' My, 
b) O85 Ff. bt 


@; and Q, also involve only quantities that are either given or assumed; 
the terms n,/d, and n,/dy are obtainable by solving Eq. (12a) and (13a) 
simultaneously. The stress f, can be evaluated from Eq. (lla) after calculat- 
ing Qo through the substitution of the values of n./d, and n,/d, into either 
Eq. (14) or Eq. (17). 


























aa 
| 
| 
| 
| 


| 


(3 
| | 


| = 

Seer, oe eae 1 

Fig. 2—Section with neutral axis intersecting adjacent sides, small compression zone— 
Case 2 
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The neutral axis can be located from the geometrical relations in Fig. 2, 


' 
ie 


Nez 


Hence 


n ky. se 


’ 


Case 3—Section with neviral axis intersecting adjacent sides, 
compression zone being greater than half of area 


In Fig. 3, the shaded polygon represents the equivalent compressive stress 
block. From the equilibrium of forces in the direction of z-axis, LF, = 0, 


Wy Wy 
P, = 0.85 f. (bt — — - Ay! fo! — Ach (21) 
2 














Fig. 3—Section with neutral axis intersecting adjacent sides, large compression zone— 


Case 3 
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From the equilibrium of moments about z-axis, 2M, = 0, 


Mur = Pyey = Pu (ry + ey’) 


4 


Wy 
0.85 f.’ | btr, — 4w:z w, | - 


and from the equilibrium of moments about y-axis, 2M, = 0, 


be rearranged and expressed in dimensionless form: 


pmf./fy = U (21a) 








in which Uo, Uy, and U» are defined as follows: 


(a) for skew bending with compressive force 


:, Ww, Wy, Alig: 
9 - + p'm’ — 
“\b t , 
; d ny Fo Fa ey’ 
p'm’ - + ae + 
t 0.85 f..bt\¢ t 
é.’ Pe s r 
, 0.85fbt\b” b 
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U,; and U; involve only quantities which are either given or assumed; the 
terms w./b and w,/t are obtainable by solving Eq. (22a) and (23a) simul- 
taneously. The stress f, can be evaluated from Eq. (21a) after first obtaining 
Uo by substituting the values w,/b and w,/t into either Eq. (24) or Eq. (27). 

The neutral axis can be located from the geometrical relations in Fig. 3. 
From similar triangles, 


which gives 


Furthermore 


COMPATIBILITY EQUATION 


When the tensile bars are not stressed to yield point at ultimate strength 
of the member, the stress in each bar can be computed from the linear re- 
lationship of strains in concrete and in tensile steel. In Fig. 1, 2, or 3, con- 
sider a tensile bar which is at a distance of h,; from neutral axis and is sub- 
ject to a strain of ¢,; at ultimate strength of the member. Using maximum 
allowable strain of 0.003 for concrete as recommended by the ACI-ASCE 
report,' the following relation is obtained: 


€sj ha; 


0.003. A 


Hence, the compatibility equation can be written as: 


h, 
fj = 6;E = 90,000 = 4 
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It is to be emphasized that the stress f, obtained from the equations of 
equilibrium represents the average stress at the centroid T of the tensile 
reinforcing bars. By using average strain of the tensile reinforcing bars, the 
compatibility equation involving f, can also be obtained: 


h 
. BE = 90,000 
h 


However, this equation is not needed since the stress in each bar instead of 
the entire tensile bar groups should be investigated to find the maximum 


stress in steel. 


DESIGN CHARTS 
Plotting of the charts 


Since the problem involves solution of nonlinear simultaneous equations 
in each case, the numerical computation in general is rather tedious, partic- 
ularly if several repetitions are required. Charts are provided here for each 
case to simplify the operations. Because the mathematical nature of the 
equations is different for each case, the charts have different sets of variables 
and parameters as indicated by Fig. 4, 5, and 6. The range of variables has 
been so chosen that the charts may be used for most problems encountered 
in actual practice. However, the physical significance of the problem should 
not be obscured on account of the availability of the design charts. A brief 
discussion of the plotting of the curves in these charts is therefore in order. 


Case 1—Fig. 4 shows the graphical representation of Eq. (2a) and (3a) 
in which g/d, and g,/d, are considered variables and C,, C2 and r,/b as param- 
eters. While C; and C, are represented by the families of curves in Fig. 4, 
r,/b should be assigned a series of values such as 0, 0.05, 0.10, 0.20, and 0.40 
respectively for a series of charts. The increasing rate of change of r,/b is 
due to the fact that both g/d, and g,/d, are sensitive for small values of r,/b 
and become less so for larger values. For values of r,/b other than those 
mentioned, interpolation can be used. As an example,* lines representing 
r,/b = 0.05 are shown in Fig. 4. 


Case 2—Kq. (12a) and (13a) can be plotted with n,/d, and n,/d, as vari- 
ables and Q; and Q2 as parameters. Although such a graph will enable the 
solution of the simultaneous equations, the results represented by the inter- 
sections of curves Q; and Q» are not accurate because of the small angles 
of intersection. This can be avoided if the following substitution is made. 


«(%)] 


Dividing Eq. (12a) by Eq. (13a) one obtains: 


1 4(%)- SL! 
d, Q» 


*Other charts for different values of r: can readily be drawn by readers 
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The solution of Eq. (12a) and (32) is represented by Fig. 5. The families 
of curves in Fig. 5 have distinct intersections and results can also be obtained 
by interpolation if necessary. 

Case 3—On the basis of observation in Case 2, it is advisable to simplify 
the solution of Case 3 in similar manner. Dividing Eq. (22a) by Eq. (23a), 
the following is obtained: 


Wy 
it 3 - ook 
73 

(" 


05 
re) 


0.2 0.3 O.F 
Ie [dy 
Fig. 4—Typical design chart for Case 1 (r:/b = 0.05) 
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Fig. 5—Design chart for Case 2 


















































Since d,/b and d,/t as well as U; and Uz are parameters, a set of charts with 
different combinations of d./b and d,/t will be needed for interpolation. 
However, in most actual problems, both d,/b and d,/¢ fall in the neighbor- 
hood of 0.7 and 0.8. Hence, only a few combinations are necessary. For 
other values, extrapolation can be made. As an example, curves representing 
d,/b = 0.7 and d,/t = 0.7 are shown in Fig. 6. 


Note that the solution of Eq. (22a) and Eq. (33) has two roots for w,/b 
and w,/t in the range applicable to actual problems. However, the values 
U, and U; are usually very small in this range as indicated by values of Fig. 6. 
As U, and U: approach zero, while w, and w, cannot be zero, the following 
relations are obtained from Eq. (22a) and (23a): 


W, ( *) 
—=3{1- 
t t 
y 
b 
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Fig. 6—Typical design chart for Case 3 (d./b = 0.7 and d, t = 0.7) 









































These are the coordinates of the point through which all straight lines repre- 
senting U,/U, intersect. This point represents the maximum limit for the 
given values of d,/b and d,/t. When U, and UU, are different from zero, the 
upper intersection of curves U; and l’;/ U's, which gives larger values of w,/b 
and w,/t, shows the desired answer. 


Use of the charts 


Case 1—Select a chart from the set which corresponds to the computed 
value of r,/b or interpolate between charts. For example, Fig. 4 represents 
the case of r,/b = 0.05. Enter the chart with values of C; and C. computed 
by Eq. (5) and (6), or by Eq. (8) and (9). The coordinates of intersection of 
C, and C, curves give the values of g/d, and g,/dy. 

Case 2—Enter the chart in Fig. 5 with values of Q; and Q:/Q2 computed by 
Eq. (15) and (16), or by Eq. (18) and (19). The coordinates of the intersec- 
tion of Q; and Q;/Qs2 curves give values of n,/d, and n,/dy. 

Case 3—First compute d,/b and d,/t. Select a chart from the set which is 
closest to the computed values, or interpolate between charts. For example, 
Fig. 6 represents the case of d./b = 0.7 and d,/t = 0.7. Enter the chart with 
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values of U’; and U,/U,. computed by Eq. (25) and (26), or by Eq. (28) and 


(29). The coordinates of the upper intersection of U; and U,/U’. curves give 
the values of w,/b and w,/t. 


Numerical example 

Design a column for an eccentric load P, = 280 kips acting at e,’ =3.5 
in. ande,’ = 21 in., using f, = 40,000 psi and ff.” = 3000 psi. 

Since the eccentricities tend to produce greater bending in the direction of 
y-axis than in the direction of x-axis, it is likely to be Case 1. Try a section of 
b = 20 in. and ¢ = 25 in. with fourteen #8 bars arranged as shown in Fig. 1. 
The spacing between bars in both directions is taken to be 5 in. from center 
to center of bars, the distance from center of bar to edge of section being 2.5 
in. With reference to Fig. 1, assume the neutral axis to be located approxi- 
mately as indicated. Hence, the two bars lying in the proximity of the neutral 
axis and represented by hollow circles are neglected in computing areas of 
reinforcing bars. Then, A, = 5.50 sq in. for seven #8 bars, and A,’ = 3.92 
sq in. for five #8 bars. 

It follows that p = 9.90/(20 XK 25) = 0.011, and p’ = 3.92/(20 &* 25) = 
0.00785. Also, m = 40/(0.85 XK 3) = 15.7, m’ = 15.7 — 1 = 14.7, pm = 0.173, 
and p’m’ = 0.1152. 


The distances in Fig. 1 can be computed as follows: 


2 X 2.5)/7 = 11.07 in 
7 


= 19.61n 


< 2.5)/5 = 8.5in 


.O7 in 


7.1 in 


Hence, C,; and C, can be determined by Eq. (5) and (6), respectively; or 
C, = 0.281 and C, = 0.0453. Since r./b = 1.07/20 = 0.05035, say 0.05, 
Fig. 4 can be used without interpolation. By entering into Fig. 4 with the 
computed values of C,; and (2, it can be read from the chart that g/d, = 0.35 
and g,/d, = 0.17, from which g = 0.35 X 19.6 = 6.86 in. and g, = 0.17 X 
19.6 = 3.34 in. The neutral axis can be located by Eq. (10) which gives 
c = (6.86 + 3.34) /0.85 = 12.0. The assumed location of the neutral axis is 
therefore satisfactory. 

Next, from Eq. (4), one obtains Cy = 0.170, and then Eq. (la) gives f, = 
(0.170 & 40,000) 0.173 = 39,300 psi. This means that the tensile reinforce- 
ment as a group, if it were placed at the centroid of the tensile bars, nearly 
reaches yield point. It is a good indication that some bars further away from 
the neutral axis probably begin to yield and the capacity of the member is 
controlled by tension. If the computed f, exceeds yield point of steel, the 
assumed section is unsafe and should be revised. On the other hand, if the 
computed f, is too far below yield point, the design is uneconomical and the 
capacity of the member will be controlled by compression. 
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Compressive Strength and Ultrasonic Pulse Velocity 
Relationships for Concrete in Columns* 


By M. F. KAPLANT 
SYNOPSIS 


Reports an investigation to determine to what extent compressive strength 
and pulse velocity tests indicate the variability and compressive strength of 
concrete as it exists in a series of columns. Concrete cubes site cured under 
the same atmospheric conditions as the concrete columns had a compressive 
strength averaging 10 percent lower than the strength of the concrete in the 
columns. Concrete cubes continuously cured under water averaged 23 per- 
cent higher strength than the concrete in the columns. 

When the pulse velocity in the columns was measured, the corresponding 
compressive strength as obtained from the pulse velocity-strength relation- 
ship for the site cubes averaged 18 percent lower than the actual strength of 
the concrete in the columns. The compressive strength obtained from the 
relationship for cubes continuously cured under water averaged 29 percent 
lower than the actual strength. Pulse velocity values for the concrete in the 
columns gave a better indication of the variation in strength quality of the 
concrete than did compressive strength results on concrete cubes. 


INTRODUCTION 


An indication of the strength of concrete in a structure is usually obtained 
by making test specimens which are moist cured until tested at specified 
ages. The degree of compaction and the curing conditions of the concrete 
in the structure are not necessarily the same as those of the test specimens. 

An investigation has been carried out to determine the relationship be- 
tween the compressive strength of concrete and the ultrasonic pulse velocity 
in concrete as it exists in a series of columns, and the strength of and pulse 
velocity in concrete cubes which have been (a) continuously moist cured, 
and (b) cured under conditions similar to curing conditions of concrete in the 
columns. The application of the ultrasonic pulse velocity technique as a 
means of determining concrete quality in the columns has also been examined. 


TEST PROGRAM 
Column details 


Twelve reinforced concrete columns, 12 x 9 in., 9 ft high, were erected by a 
contractor (Fig. 1). The mix proportions were not rigidly specified and 
were nominally given as 1:2:4, 1:114:3 and 1:1:2. The contractor was asked 
to arrange his own mix proportions and told that two out of the four columns 
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Fig. 1—View of some of the columns 


for each mix were to be hand-compacted and the other two were to be vibrated. 

The materials were batched by volume and a continuous check was kept on 

the mix proportions actually used. The details are given in Table 1. 
Ordinary portland cement was used, and the aggregates, which were quartz- 


itic, consisted of sand having an average fineness modulus of 2.79 and stone 
of 34 in. maximum size. No provisions were made to cure the concrete in 
the columns from which the formwork was stripped after 24 hr. 
Compressive strength tests 

Cores—At the ages given in Table 1, two 4 in. diameter cores were drilled 
out of the columns approximately 2 ft from the bottom. Two more cores 
were drilled out of each column approximately 5 ft from the bottom (see 
Fig. 1). These cores were capped with aluminous cement, their diameters 
and heights ascertained, and subjected to compressive strength tests. 

The compressive strengths of the cores mentioned are the equivalent 
6-in. cube strengths determined in accordance with the method given in 
British Standard 1881, ‘‘Methods of Testing Concrete.” 

Cubes—For every 3-ft height of column cast, two 6-in. and two 4-in. cubes 
(12 cubes for each column) were made in accordance with British Standard 
1881. Half of the 6-in. and 4-in. cubes were removed from the molds after 
24 hr, left on the site and exposed to the same atmospheric conditions as the 
concrete in the columns. These cubes will be referred to as “‘site cubes.”’ 
The other half were also removed from the molds after 24 hr and cured at a 
temperature of 21 C and 100 percent relative humidity in the laboratory 
until required for testing. These cubes will be referred to as “laboratory 
cubes.”” The compressive strengths of the cubes were determined at the same 
time as the cores mentioned above. 

Ultrasonic pulse velocity tests 

The following ultrasonic pulse velocity determinations were carried out 

using the methods and equipment described by Jones and Gatfield:' (a) 
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TABLE 1—DETAILS OF CONCRETE IN COLUMNS 


Nominal Water- Age 
Column mix Actual mix cement Method of when 
No. propor- proportions ratio compaction tested, 
tions (by volume) (by days 
weight ) 


0.64 Hand 29 
0.53 Hand 29 
0.54 Vibrated 39 
0.60 Vibrated 43 


0.64 Hand 29 
56 Hand 29 
51 Vibrated 44 
51 Vibrated 44 
52 Hand 30 
54 Hand 30 
41 Vibrated 41 
38 Vibrated 41 


On the columns at places where the concrete cores were drilled, and just 
prior to @rilling; also at two points 8 ft from the bottom of the columns. (b) 
On the concrete cores and cubes just prior to compressive strength tests. 


TEST RESULTS 
Compressive strength 

In Fig. 2 the compressive strengths of the 6-in. and 4-in. cubes have been 
compared. Except for the scatter due to unavoidable experimental varia- 
tions, there was no significant difference in the results of tests on the 6-in. 
and 4-in. cubes. In the following discussion the compressive strengths of the 
test cubes are the average of the 6-in. and 4-in. cube strengths. 

The compressive strength of the laboratory cubes, site cubes, and cores 
have been compared in Fig. 3, 4, and 5. It will be seen that the relationships 
are approximately linear and regression equations? were calculated on this 
assumption. The following equations were obtained: 


Y = 0.58 X + 700 


where X = laboratory cube strength; Y = site cube strength 
(Correlation coefficient = 0.97; significance level = 0.1 percent.) 


Y = 0.95 X + 560 


where X = site cube strength; Y = core strength 
(Correlation coefficient = 0.82; significance level = 1 percent.) 


Y = 0.57 X + 1200. 


where X = laboratory cube strength; Y = core strength 
(Correlation coefficient = 0.81; significance level = 1 percent.) 
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Fig. 2—-Compressive strength 
of 6-in. and 4-in. concrete 
cubes 
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In each of the above equations X represents the independent variable. 
There is a highly significant correlation in each of the above relationships. 


The correlation coefficient for site cube and core strengths (0.82) is slightly 
greater than for laboratory cube and core strengths (0.81). This is to be 
expected, as the correlation between the strength of the concrete in the col- 
umns and the strength of the site cubes should be better than for the lab- 
oratory cubes. 

Comparable values of the compressive strength of laboratory cubes, site 
cubes, and cores, calculated from the regression equations are given in Table 2. 

Strength of laboratory and site cubes compared—aAs expected, owing to better 
curing conditions, the laboratory cubes are stronger than the site cubes. 
The differences become greater with higher strength. When laboratory 
cubes had a strength of 3000 psi, the strength of the site cubes was approxi- 
mately 2400 psi, i.e. 80 percent of the laboratory cube strength. When 
laboratory cubes had a strength of 8000 psi, the site cubes were approximately 
5300 psi, i.e. 66 percent. 

Strength of cores and site cubes compared—The deviations from the re- 
gression line for strength of cores and site cubes (Fig. 4) occur mainly because 
cores drilled from the same column do in some cases vary considerably in 
strength. This was due chiefly to variability in the compaction of the con- 
crete. On the other hand, the strengths of the site cubes made from the 
concrete for a particular column are fairly consistent. 

The strength of the concrete in the columns, as obtained from tests on the 
cores, tends to be greater than the strength of the site cubes. The differences 
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TABLE 2—COMPRESSIVE STRENGTH OF LABORATORY CUBES, SITE CUBES, 
AND CORES FROM COLUMNS 


Compressive strength, psi 


= 9 
Laboratory Site (4) 
cubes cubes Cores (1) 


x 100 | =) x 100 (3) x 100 
(2) (1 
(1) (2) (3) 


) 


ar 


2200 2000 2500 125 

3000 2400 2900 8 121 
113 
l 


4000 3000 3400 : 
5000 3600 4000 l 
5700 4000 4400 110 
6000 4200 4600 109 
7000 4800 5200 108 
7400 5000 5300 ivf 106 
8000 5300 5600 105 


~I~1-1~1-10 0 
oe ns coms, 


in strength become less at higher strength levels. Thus, when the site cubes 
had strengths of 2000 and 5000 psi, the core strengths were respectively 25 
and 6 percent greater. 


Estimation of the strength of concrete, as it exists in the columns, from the 
results of tests on cubes cured under similar conditions will in this particular 
case be on the side of safety. This will not necessarily always be so as it de- 
pends on the efficiency of compacting the concrete in the columns. 

Strength of cores and laboratory cubes compared—The strength of the con- 


crete in the columns, as indicated by tests on the cores, tends to be less than 
the strength of the laboratory cubes. The differences become greater with 


6000 
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Fig. 3—Compressive strength of laboratory and site cubes 
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Fig. 4—Compressive strength 
of cores and site cubes 
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higher strength. Thus, when the strengths of the laboratory cubes were 
3000 and 7000 psi, the strengths of concrete in the columns were respectively 


3 and 26 percent less. 

Compressive strength tests on continuously moist cured cubes will there- 
fore give results which are higher than the strength of the concrete as it exists 
in the columns. This is particularly the case for high strength concrete. 
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Fig. 5—Compressive strength of cores and laboratory cubes 
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Fig. 6—Difference between 

strength of concrete in col- 

umns and laboratory and site 
cube strength 
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In Fig. 6 the core strengths, expressed as a percentage of the site cube and 
laboratory cube strengths at different strength levels, are shown. The in- 
dications are that when the strength of the test cube is below 4000 psi, the 
laboratory cubes give a better indication of the strength of the concrete in the 
columns than do the site cubes. At higher strength levels the site cubes 
give a better indication of actual strength. 


Ultrasonic pulse velocity 


Six-in. and 4-in. concrete cubes—The pulse velocities in 6-in. and 4-in. 


cubes are compared in Fig. 7. Although there is some scatter, particularly 


in the case of the site cubes, correspondence between the pulse velocities is 
good. In the following discussion the pulse velocities in the test cubes are 
the average of the velocities in the 6-in. and 4-in. specimens. 

Site and laboratory cubes—In Fig. 8, pulse velocity in the site cubes is 
plotted against pulse velocity in the laboratory cubes. The relationship 
does not appear to be linear. The pulse velocity in the laboratory cubes is 
approximately 10 percent higher than in the site cubes. This could be due 
not only to the higher moisture content of the laboratory cubes but also to 
their greater strength. 

Columns and cores—As previously mentioned, the pulse velocity was de- 
termined at six places in each column. Cores were then drilled at four of 
these places and the pulse velocity in the cores ascertained. The pulse veloci- 
ties in the columns and in the cores are compared in Fig. 9. It is to be ex- 
pected that the pulse velocities would be similar. The velocities in the cores 
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sas | Fig. 7—Pulse velocity in 6-in. 
and 4-in. concrete cubes 
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are however between 10 and 20 percent higher than the velocities in the 
columns, and there is considerable scatter in the plotted points. 

Water was continuously used when drilling the cores, which resulted in 
the cores becoming well saturated. This is the probable reason for the veloci- 
ties in the cores being higher than the velocities originally obtained in the 
columns. Although the columns were 9 in. thick, the lengths of the cores 
varied between 4 and 7) in. due to breakage and squaring off of the ends. 
The concrete through which the ultrasonic pulse passes, is therefore not 
exactly the same as in the column. This factor, together with possible varia- 
tions in the degree of saturation in different cores, could account for the 
scatter in the results obtained. 


Columns and site cubes—The pulse 


8 
3 


velocities in the columns and in the 
corresponding site cubes are shown in 


8 
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Fig. 10. Pulse velocities in the site 
cubes are higher than in the columns. 
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proximately 4 percent lower. 
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Fig. 8—Pulse velocity in site and labora- 
tory cubes 
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Fig. 9—Pulse velocity in col- 
umns and in cores 
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Columns and laboratory cubes—The pulse velocities in the columns and in 
the laboratory cubes are shown in Fig. 11. The velocities in the columns 
are between 12 and 18 percent lower than in the laboratory cubes, the tend- 
ency being for the difference to be less at higher velocities. The scatter is 


fairly great owing to the fact that the variation in the pulse velocity in the 
columns is greater than in the laboratory cubes. 
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Fig. 10—Pulse velocity in col- O00 12000 14000 
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Fig. 11—Pulse velocity in col- 
umns and in laboratory cubes 
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Relationships between pulse velocity and compressive strength 

Laboratory and site’cubes—The relationships between the pulse velocity in 
and the compressive strength of the laboratory and site cubes are shown in 
Fig. 12. Each value is the average of the results of tests on six cubes. 

As has been shown by Jones,! the relationships are dependent on aggregate 
cement ratio. The higher the ratio, the lower is the compressive strength 
for a given pulse velocity, e.g. for the laboratory cubes a pulse velocity of 


15,000 ft per sec indicates a compressive strength of 3800 psi in the 1:2:4 
mix and 7100 psi in the 1:1:2 mix. 


The relationships for the site cubes are also not the same as for the lab- 
oratory cubes, e.g. a strength of 3000 psi is indicated by a pulse velocity of 
13,300 ft per sec in the case of the 1:2:4 site cubes and by a pulse velocity of 
14,300 ft per sec in the case of the 1:2:4 laboratory cubes. 


LABORATORY CUBES 
SITE CUBES 








PULSE velocity (FT/SEC) 








COMPRESSIVE STRENGTH (LB/SQ.iN) 





Fig. 12—Pulse velocity versus compressive strength for laboratory and site cubes 
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Fig. 13—Pulse velocity versus ———— 
compressive strength for con- 
crete in columns 
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It is clear however that the relationships are independent of age and water- 
cement ratio. 

Concrete in columns—The pulse velocities in the columns and the com- 
pressive strengths of the concrete in the columns as determined by tests 
on the cores, are shown in Fig. 13. Each value plotted is the average of four 
tests. The relationship between pulse velocity and compressive strength is 
again dependent on aggregate/cement ratio. The relationships are also 
not the same as for the site and laboratory cubes, e.g. for the 1:2:4 mix a core 
strength of 3000 psi is indicated by a velocity of 12,500 ft per sec in the col- 
umns as compared to velocities of 13,300 and 14,300 ft per sec in the site 
and laboratory cubes, respectively. 


DISCUSSION 


The question arises as to whether the pulse velocity technique may be used 
(a) to determine the variation in the strength qualities of concrete as it exists 
in the columns, and (b) to obtain an indication of the actual strength of con- 
crete in the columns. 


Variability 

Reference to Fig. 13 indicates that there is a relationship between pulse 
velocity and the strength of the concrete in the columns. The correlation 
coefficients for the relationships for each of the 1:2:4, 1:144:3, and 1:1:2 mixes 
were calculated and found to be 0.95, 0.91, and 0.69, respectively. These 
coefficients are all significant; the correlation in the case of the 1:1:2 mix is, 
however, not as good as for the other two mixes. 

As shown in Fig. 4 and 5, there is also a significant relationship between 
the compressive strength of the concrete in the columns and the strength of 
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TABLE 3—CORRELATION COEFFICIENTS Jaboratory and site cubes. To com- 

FOR po Bene igre oH a IN pare these relationships with the 

LABORATORY CUBES pulse velocity-compressive strength 

— relationships, the correlation coeffi- 

cients were calculated for each of the 
concrete mixes (Table 3). 


Mix proportions 
Specimen ——— 


1:2:4 1:14%:3 


Site cubes 0.88 0.69 
Laboratory cubes 0.91 0.75 


In spite of the fact that two con- 
crete cubes were made and tested for 
each 3-ft lift in each column, the correlation between the compressive strength 
of the cubes and the cores drilled from the columns was not as good as the cor- 
relation between wave velocity and the strength of the cores (correlation 
coefficients 0.95, 0.91, 0.69). 


In practice it is most unlikely that two concrete cubes will ever be made 
for each 3-ft lift of every column cast, and the degree of correlation between 
the strengths of the cubes made and the strength of the concrete in the col- 
umns will therefore not be as good as that obtained in this investigation. 


There is therefore little doubt that by ascertaining the pulse velocity, 
which can easily be determined at different positions on a large number of 
columns, a better and easier indication of variability in the concrete may be 
obtained than by making and testing the strength of concrete cubes. 


Indication of strength 


In Table 4 a comparison is made of the compressive strength of the con- 
crete in the columns and the strength as given by the different methods of 
test. 


Columns 2 and 3 in the table show pulse velocities and the corresponding 
core strengths obtained from Fig. 13. Concrete strengths corresponding to 
the velocities in Column 2, were obtained from the pulse velocity-strength 
relationships for site and laboratory cubes (Fig. 12) and are given in Columns 
4 and 5. In Columns 6 and 7 the strengths of the site and laboratory cubes 
corresponding to the core strengths given in Column 3 are stated; these 
values have been obtained from Fig. 4 and 5, respectively. The following 
illustration is given: from Fig. 13, for the 1:1:2 mix a pulse velocity of 13,500 
ft per sec corresponds with a core strength of 4900 psi. From Fig. 12 this 
pulse velocity indicates strengths of 4800 psi and 3700 psi for the site and 
laboratory cubes, respectively. Fig. 4 and 5 indicate that the compressive 
strengths of the site and laboratory cubes corresponding to a core strength 
of 4900 psi are 4600 and 6500 psi, respectively. 

Thus, expressed as a percentage, the velocity-strength relationship for 
the site cubes indicates a concrete strength which is 98 percent of the actual 
strength of the concrete in the columns. The similar relationship for lab- 
oratory cubes indicates a strength which is 75 percent of that in the columns. 
The strengths of the site and laboratory cubes are 94 and 132 percent, re- 
spectively, of the strength of the concrete in the columns. 
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TABLE 4—COMPRESSIVE STRENGTH OF CONCRETE IN COLUMNS COMPARED 
WITH THE STRENGTH GIVEN BY DIFFERENT METHODS OF TEST 


Compressive strength from the following relationships 


(4) (5) 
Pulse velocity and| Pulse velocity and 


(6) 7) 
Compressive 
compressive strength of cores 
strength of lab- and site cubes 
oratory cubes (Fig. 4) 


(1) (2) (3) 

Pulse velo- Compressive 
city in strength of 
column, concrete in 


Compressive 
strength of cores 
and laboratory 
cubes (Fig. 5) 


compressive 
strength of site 


Concrete 
i cubes (Fig. 12) 


mix 


ft per sec 


13,000 
13,500 
14,000 
14,500 


column, psi 


4000 
4400 
4800 
5200 


psi 


1700 
2500 
3300 


Average = 
2800 


3600 
4400 


(Fig. 12) 
psi of: 
of (3) 
2000 
2600 
Average 
2300 


3300 
4400 


psi 


2500 
2850 
3200 
3550 


Average 


3600 
4000 
4400 
4800 


3100 
3600 
4100 
4600 


Average 


4900 
5600 
6300 
7000 


Average = 81 Average Average Average 
2800 68 
3800 85 
4800 98 


5800 110 


4100 
4500 
4900 
5300 


12,500 
13,000 
13,500 
14,000 


3600 
4100 
4600 

5100 


5100 
5800 
6500 
7200 


3700 
4900 


Average = 90 Average Average Average = 


Therefore, if concrete cubes are made at the time the columns are cast 
and the pulse velocity in them and their strength determined, a relationship 
between velocity and strength may be obtained for both site and laboratory 
cubes. If a pulse velocity measurement is then made on the 1:1:2 columns 
and found to be 13,500 ft per sec, the relationship for the site cubes will in- 
dicate a concrete strength which is 2 percent less than the actual strength of 
the concrete in the columns, while the laboratory cube relationship will 
indicate a strength which is 25 percent less than the actual. The strengths 
of the site and laboratory cubes tested at the same time will indicate strengths 
which are, respectively, 6 percent less and 32 percent greater than the actual 
strength of the concrete in the columns. 


In this particular case the velocity-strength relationship for site cubes 
gives the best indication of the strength of the concrete in the columns. The 
strength of the site cubes gives the next best indication. However, reference 
to Table 4 will show that, on the average, the strength of the site cubes gave 
the best indication of the strength of the concrete in the columns. In gen- 
eral the site cubes gave an approximate 10 percent underestimate of the ac- 
tual strength of the concrete. The velocity-strength relationship for site cubes 
will on the average give an underestimate of approximately 18 percent, 
the laboratory cube strengths an overestimate of approximately 23 percent 
and the velocity-strength relationship for laboratory cubes an underestimate 
of approximately 29 percent. 


Thus, although this investigation indicates that compressive strength 
tests on site cubes gave the best indication of the strength of the concrete 





688 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE February 1958 


in the columns, the indications are that the pulse velocity-strength relation- 
ship for site cubes will not give a very much inferior indication of strength. 
The making and testing of concrete cubes on an adequate scale is expensive 


and sometimes impracticable. The determination of the relationship be- 
tween pulse velocity and compressive strength of site cubes and the subse- 
quent measurement of large numbers of pulse velocities at different places 
in a structure is comparatively easy and cheap. 


CONCLUSIONS 


1. The compressive strength of concrete cubes site cured under atmos- 
pheric conditions similar to those for concrete in the columns averaged 10 
percent lower than the actual strength as determined by tests on cores drilled 
from the columns. 

2. When the pulse velocity in the columns was determined, the corre- 
sponding compressive strength as obtained from the pulse velocity-strength 
relationship for the site cubes averaged 18 percent lower than the actual 
strength of the concrete in the columns. 

3. Similarly, the laboratory cubes gave on the average a 23 percent over- 
estimate of the actual strength, while the velocity-strength relationship for 
the laboratory cubes gave on the average a 29 percent underestimate of the 
actual strength of the concrete in the columns. 

4. The measurement of pulse velocity in the columns gave a better indi- 
cation of the variation in strength quality of the concrete in the columns 
than did compressive strength tests on concrete cubes. 

5. There was little difference in the results of wave velocity and com- 
pressive strength tests on 6-in. and 4-in. cubes. 

6. The compressive strength of and pulse velocities in laboratory cubes 
were higher than for the site cubes. 

7. Pulse velocities in the columns were lower than in the site and lab- 
oratory cubes. 

Further research is however necessary, and a study of compressive strength 
and pulse velocity relationships for reinforced concrete beams and _ floor 
slabs is contemplated. 
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Title No. 54-38 


Spacing of Spliced Bars in Beams* 


By S. J. CHAMBERLINT 


SYNOPSIS 


Beams, 6x6 in. in cross section with a 32-in. span, contained a single, 
spliced #4 bar, or two #4 bars, spliced in the region of constant moment. 
Lengths of lap were 3, 6, and 12 in. and clear spacings between the lapped 
bars were 0, % and 1 in. 

Lapped lengths of 12 in. developed vield point stress in both the single and 
double bars. Single-bar beams failed by splitting of the bottom cover. Side 
splitting occurred in all of the double-bar beams. High bond stresses were 
developed. Load-deflection curves and ultimate loads showed little difference 
in strength between adjacent and spaced splices. 


INTRODUCTION 


This is the third phase of a general project on lapped splices and the spac- 
ing of reinforcing bars. The first reportt presented the effect of spacing of 
lapped bars on bond and the effect of length of lap as determined with ten- 
sion pull-out specimens. The objective of the second paper§ was to indicate 
the effect of the spacing of unspliced, parallel bars on the load carrying ca- 
pacity of beams. 

Results from the pull-out tests indicated that the bond of plain bars was 
not appreciably affected by spacing of the bars. Deformed bars developed 
better average bond stresses in adjacent-tied splices, even without mechanical 
interlock, than spaced splices. Spacings other than adjacent-tied did not 
appear to affect bond significantly. The specimens were blocks of concrete, 
spirally reinforced to prevent splitting, with one bar embedded along the 
geometric axis. Two other bars were cast in a parallel position and extended 
in the opposite direction from the single bar. Failure of spaced-bar speci- 
mens was accompanied by the pulling out of a roughly cone-shaped plug of 
concrete around the loaded end of the single bar. This may have reduced 
the effective length of embedment as compared with adjacent-bar speci- 
mens. 

The primary objectives of the present study were to determine the effect 
of spacing of lapped bars on bond and the effect of length of lap on the load 


*Received by the Institute Mar. 18, 1957. Title No. 54-38 is a part of copyrighted JouRNAL or THE AMERICAN 
Concrete Institute, V. 29, No. 8, Feb. 1958, Proceedings V. 54. Separate prints are available at 50 cents each 
Diseussion (copies in triplicate) should reach the Institute not later than May 1, 1958. Address P. O. Box 4754, 
Redford Station, Detroit 19, Mich. 

tMember American Concrete Institute, Professor of Theoretical and Applied Mechanics, Iowa State College 
Ames, Iowa. 

tChamberlin, S. J., “‘Spacing of Spliced Bars in Tension Pull-Out Specimens,’’ ACI Journat, Dec. 1952, Proc 
V. 49, pp. 261-274. 

§Chamberlin, 8. J., ‘Spacing of Reinforcement in Beams,’’ ACI Journat, July 1956, Proc. V. 53, pp. 113-134. 
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Fig. 1—Stress-strain diagram 
of concrete 


stress, 1000 psi 


Unit 


6 8 10 12 
Unit strain (I0)-§ 





carrying capacity of small beams. There was no restraint against splitting 
nor was there any load on a bar as it emerged from the concrete as there 
was with the pull-out specimens. 
Scope 

This report is based on tests of 21 beams. The series is summarized and 
the principal results are listed in Table 1. All beams were 6x 6 in. in cross 
section and 36 in. long, simply supported under symmetrical two-point load- 
ing. Only one concrete strength, about 4500 psi, was used. The reinforce- 
ment consisted of #4 size bars of one type. The only variables were spacing 
and length of lap in single- and double-bar specimens. 


TABLE 1—SUMMARY OF TESTS AND RESULTS 


Clear Calculated Compressive 
Beam | Lap, | space, Ultimate load, Type of failure - - strength 
No. in. in. lb Se, psi u, psi Se’, psi 


Double bar, p = 0.014 


6,900 Sudden fracture side splitting 18,830 784 4380 
6,880 Sudden fracture side splitting 18,780 782 4380 
Sudden fracture side splitting - 4380 


Side splitting 32,910 685 4450 
Side splitting 33,130 690 4450 
Side splitting 33,620 700 4450 


Tension 48,030 4640 
Tension 49,120 f 4640 
18,560 Tension 48,030 4640 


None 19,406 
None 18,006 


) (20,300) Tension 52,940 - 4640 
) Tension 49,120 - 4640 
Single bar, 


6,300 Sudden 33,280 4420 
6,000 Sudden 34,860 4420 
*4,800 No shock - 4420 


8,080 Bottom split 42,680 4370 
8,320 Bottom split 43,950 945 4370 
8,210 Bottom split 43,360 93: 4370 


9,670 (10,480) Tension 51,080 5AS 4460 
9,600 (10,740) Tension 50,710 54! 4460 
9,600 (10,040) Tension 50,710 5A! 4460 


8 None 9,500 (11,400) Tension 50,180 -_- 4640 


*Not included in averages 
tNo lap, clear space between parallel bars 





SPACING OF SPLICED BARS IN BEAMS 


Half of the specimens contained a 
single bar with three different clear 
spacings of lap: (1) 0 in. (adjacent- 
tied); (2) 1% in.; (3) 1 in. The other 
set of beams porte two bars, both 
lapped with the three different spac- 
ings. In both sets the lapped length 
was 3, 6, and 12 in. 
men of a kind was cast. 


Only one speci- 


TABLE 2—SIEVE ANALYSES 


Cumulative percentage retained 


Gravel 


a 1 
Coarse Fine anew 
0 0 
44 26 


92 55 


99 93 
99 we 99 


Fineness modulus 


MATERIALS, SPECIMENS, AND TEST PROCEDURE 


Materials : 


The sand and gravel were from local sources. 


two sizes, 


sand are shown in Table 2. The 

The one concrete mixture was 1: 
0.62 (all by Sees: 
was mixed in a ‘“‘one-half sack” tilting 
drum mixer. The mixture was plas- 


tic and workable with an average 


slump of 3 in. Compressive strengths 
were determined from 3- x 6-in. cylin- 
ders. A typical stress-strain diagram 
is shown in Fig. 1. 

Intermediate grade #4 reinforcing 
bars (Fig. 2) used in all specimens 
had an average yield point of 50,000 
psi, an ultimate tensile strength of 
76,000 psi, 


percent in 8 in. 


and an elongation of 


Fabrication of specimens 


sand was poorly graded, 
excessive portion between the No. 30 and No. 
2.64:2.95 with a 


A local brand of Type I cement was used. 


The gravel was obtained in 


34 to % in. and %& in. to No. 4, and combined, using 60 percent of 
the coarser and 40 percent of the finer. 


The sieve analyses of the gravels and 
containing an 
50 sieves. 

water-cement ratio of 


Concrete 


Cit tf if fe it ff 


WAALS AS LSU LALS 


Fig. 2—Two views of #4 reinforcing bar 


Three beams, corresponding to the three different spacings for each length 


of lap, were cast at a time from a single batch of concrete. 


used. 


Steel forms were 


The reinforcing steel was supported by and tied to steel chairs (Fig. 3) 


and extended through holes in the end forms through short pieces of rubber 


tubing. The net cover of 1 in., 
same for all specimens. 


giving an effective depth of 4%4 in., 


was the 
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erase oe sees eeanasereser seee 


(whe Renee ee 


ee E 
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Fig. 3—Lapped bars in form held by two spacer chairs 


Stiff wire of No. 10 gage was threaded into the end of each bar in the in- 
terior of the beam (Fig. 3) and carried through rubber tubing to outside of the 
ends of the specimen so as to measure slippages at the interior ends of the 
bars. Inserts were cast in the sides of the beam at the height of the theoretical 
neutral surface for deflection-measuring apparatus and at the height of steel 
for other equipment. 

The concrete was placed in three layers of approximately equal depth 
with each layer hand molded and spaded. Top surfaces were covered with 
moist burlap and the forms left on 2 days. Moist curing was maintained 
until testing at 28 days. 















































Fig. 4—Beam specimens and 
Plan, one-bor loading 





SPACING OF SPLICED BARS IN BEAMS 


Fig. 5—Beams were tested tensile side up 


Test procedure 

Identical, symmetrical two-point loading (Fig. 4) was used for all speci- 
mens. The beams were tested with the tensile side up and loaded at the 
ends (Fig. 5) in a 20,000-lb, hand operated, lever-type machine. Deflections 
at midspan were determined on both sides of the beam. Loads were applied 
in increments from 200 to 800 lb, depending upon the expected ultimate. 

Dial arrangement for measuring bar slippage in the two-bar specimens is 
shown in Fig. 6. The large dials bear on the bars and the small dial at the 
center is for determining the movement of the ends of the wires relative to 
the ends of the beam. Elongation of the concrete and width of cracks between 
the interior end of a reinforcing bar and the end of the beam show up in 
measured movement of the wires. Three 1/10,000-in. dials in a steel frame- 
work (Fig. 5) on each side of the beam were used to measure changes in the 
(chord) length between significant points at the height of the reinforcement. 


Fig. 6—Dial arrangement for 
measuring bar slippage 
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Fig. 7—Typical failure of single-bar Fig. 8—Typical failure of double-bar 
beams beams 


It was expected that the dial movement at the end of a wire less the change 
in length of the specimen would give the slippage of the embedded end of the 
lapped bar. Small magnitudes and “‘lag’’ in the fittings caused difficulties. 


RESULTS AND DISCUSSION 


The principal results are listed in Table 1. All specimens with 12-in. lap, 
both single- and double-bar, failed by reaching yield point stress in the steel. 
For these, the ultimate load tabulated is the load at the yield point. The 
load in parenthesis is the greatest load carried and was accompanied by ex- 
cessive deflection and cracking. A typical failure for the single-bar beams is 
shown in Fig. 7 and for double-bar beams in Fig. 8. Longitudinal lines on the 
specimens are projections of the center line of steel on the faces of the beam. 
Lateral lines indicate the length of lap. Side splitting occurred in all of the 
double-bar beams. Fracture in all of the beams of both series with 3-in. splice 
length occurred suddenly and with no observed cracking prior to failure. 
(Specimen 2c was an exception. Failure was gradual and the ultimate load 
is not in agreement with other specimens.) In all of the specimens with 6- 
and 12-in. lap, moment cracks developed first, usually at the ends of the 
splice. Cracking at the ends of the splice invalidated the attempt to measure 
interior end slip of the bars. ; 

Specimen 8 contained a single continuous bar (no splice) and failed in 
tension of the steel at a load corresponding to those with a splice length of 
12 in. The 1-in. clear spacing of the spliced double-bars in the 6-in. width 
of concrete placed the outside bars a clear distance of )% in. from the side of 
the beam. All spliced double-bar specimens were cast with the outer steel in 
this position. Control specimens with two continuous bars (no splice) were 
cast, one (No. 9) with the bars 14 in. from the sides and another (No. 7) with 
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Fig. 9—Load-deflection diagrams for double-bar beams 


steel at the center of the beam spaced 1 in. clear. Both specimens failed in 
tension but the one with the bars near the sides developed side splitting neat 
the ends in the region of high shear 


Unit stress in the steel at ultimate load (Table 1) was computed as M/A, jd. 
The average unit bond stress developed in the splice (Table 1) was obtained by 
dividing the calculated tension in the steel by the product of the circumference 
of the bar or bars and the length of the splice. 

Load deflection diagrams (Fig. 9 and 10) show a similarity in action with 
the different spacings. Stiffness seems to decrease slightly with increased 
spacing of the 12-in. splices in both the double- and single-bar beams, partic- 
ularly for the higher loads. The 1-in.-spaced specimen with the single splice 
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Fig. 10—Load-deflection diagrams for single-bar beams 
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of 6-in. lap was less stiff than the other two spacings. For the other specimens, 
the spacing has no discernible effect on deflection. Ultimate loads for the 
3-in.-splice beams were perhaps too low to make any difference in spacing 
apparent. 

Below the cracking load of about 3500 lb the load-deflection behavior is 
about the same for all three splice lengths of both series. As the loads increase 
the effect of lap becomes apparent. Longer laps meant a doubling of the rein- 
forcement over a longer length in the center portion of the beam where the 
moment was a maximum. 

There was no measurable slippage of the bars at the ends of the beams for 
any of the specimens. 

As mentioned previously, an attempt was made to measure end slippage 
of the bars in the interior of the beams by extending a stiff wire through rubber 
tubing to dials at the exterior. Dial movement would include extension of the 
concrete and cumulative width of cracking between the end of the bar at the 
splice and the end of the beam. The concrete usually cracked at the end of 
the bar at the splice. It was not possible to eliminate the movements due to 
factors other than slippage. 

The effect of splice length upon the tensile stress developed is shown in 
Fig. 11. Allowable working stresses of 20,000 psi in the steel and 350 psi in 
bond as permitted by the ACI Building Code would require a splice length of 


7.1 in. This length is indicated on the figure and shows that it would develop 
tensile stresses of about 45,000 psi and 36,000 psi in the single and double 
splice respectively. The ACI Code requires a minimum lap of 24 bar diam- 
eters, but not less than 12 in. The 12-in. lap was 24 bar diameters in these 
tests and developed yield point stress in the steel for both single- and double- 
bar beams. 


The variation in maximum bond stress with splice length is indicated in 
Fig. 12. Side splitting in the two-bar beams reduced the bond stress appre- 
ciably except for the 12-in. lap where yield point was developed. For the 3- 


n. and 6-in. lap the bond is 53 and 74 percent respectively of that for the 
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Fig. 11—Effect of splice length upon ten- Fig. 12—Variation in maximum average 
sile stress developed in steel bond stress with splice length 
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single bar. Splitting depends on the thickness of concrete, the bond stress 
developed, the length of bar over which the change in tension occurs, and 
possibly the kind of deformation on the bars. Plain bars, as an extreme, have 
little, if any, tendency to split the surrounding concrete. Single splices in 
the 6-in. width of beam did not fail by side splitting; all double splices in the 
same width did. Higher bond stresses were developed in the 3-in. laps before 
splitting occurred than in those of 6-in. lap. The allowable bond stress of 
350 psi is shown on Fig. 12 for comparison. The single bars developed bond 
strengths with an adequate factor of safety. The 3-in. and 6-in. splices in 
double bar beams developed bond stresses greater than twice the allowable. 


SUMMARY 


The tests showed little difference in strength between adjacent and spaced 
splices of 14 and 1 in. clear distance. This is in agreement with the results 
obtained with tension pull-out specimens reported by the author. The papers 
of Kluge and Tuma* and Walkerf have reported similar results. 

The 12-in. length of lap for these bars corresponding to the ACI Building 
Code requirement of a “minimum overlap for a lapped splice shall be 24 bar 
diameters, but not less than 12 in.”’ developed yield point stress in the steel 
even when the failure was by side splitting. In an earlier report, the same 
bars in spirally reinforced, tension pull-out specimens of the same concrete 
strength developed yield point stresses in a lap length of 4 in. 

Bond stresses at the ultimate load were reduced 47 percent in the 3-in. laps 
and 26 percent in the 6-in. laps by having spliced double bars in the same 
width of concrete as a spliced single bar. This verifies the results reported 
by the author in “Spacing of Reinforcement in Beams” that the load carrying 
capacity of beams increased with wider spacing of unspliced bars. 
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CONCRETE BRIEFS 


Notes from Field and Office 


Circular Stairway for University City. . 
Locating Metal Embedded in Concrete 


Problems and Practices 


Circular Stairway for University City 


By MARTIN SCHULZ* 





Architects Karl Katstaller and Ehrentraud Schott planned a cireular staircase for the 
“University City” in El Salvador. An analysis of this staircase for full symmetrieal load only 
is given here, based on the studies made by Fuchssteiner.!. Dimensions of the stairway are 
given in Fig. 1 


width of the stairway = 1.50 m symmetrical load over 6, eccentric 
= 113 deg with respect to center axis of ramp 
= 1.65t/m 
0.5 eccentricity of load = 62/12r = 
= 2.15m 1.50°/(12 XK 2.15) = 8.72 cm 
cos d¢/2 = 1 
sin d¢/2 = ¢/2 


14 cm 


_A part of copyrighted JouRNAL er gue AMERICAN Concrete InstiTUTE, V. 29, No. 8, Feb. 1958, Proceedings 
& g 


54. Separate prints of the entire 
ui 54, Redford Station, Detroit 19, Mich. 
*Member American Concrete Institute, Structural Engineer, San Salvador, El Salvador. 
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Fig. 1—Dimensions of the circular stairway 


Sign convention 

The following sign convention has been observed: ¢ is positive in direction of falling ramp; 
tan a is always positive. Positive N produces compression; positive M, produces tension at 
inner edge; and positive M, produces tension at lower side. 

Looking toward the rising ramp, positive Q, acts upward; positive Q, acts inward; positive 
Mr in right-turning stairway like this one twists to the right. 


Force components, conditions of equilibrium 

In this structure as in shells, the secondary moment acts with respect to the weaker axis. 
In the case at hand it is the moment M,, in shells normally called Mg. In Fig. 2 are shown 
all forces necessary for design. The y-axis is vertical, the z-axis, horizontal. 

In Fig. 3 the beam element r d¢ is drawn with the force components acting on it in three 
mutually perpendicular planes. The conditions of equilibrium are: 


with respect to displacement 


‘ dN sine dQ, cos @ 
vertical qr — eet oh ee a 


. - : dQ, 
radial N cosa — Q, sina — - 


—— = 0 
do 


dQ. 


d@ 


SsIn @ 


t tial dN -Q 
angential —— cosa + Q, — 
ungentia 7 COS a 


with respect to rotation 


in horizontal plane Q,r — 


radial rtanaQ, +qre+M, - 


, : r dM, 
in tangential plane Q.—— + —— 
ce 


+ M,sina — Mrcosa =Q 
Ss a do 
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$ 


Fig. 2—Forces acting on element of stairway. Moments 
are represented as vectors and indicated by double arrows 


wy 
“ ™ 


i 
al 


——e 


Fig. 3—Beam element r dd with forces acting 
upon it. Refer to conditions of equilibrium in text 
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The differential equations based on the conditions of equilibrium are: 


1 d¢ 
Q. -Acosasina +rcosa f qd — sina vba 
r d 


1 a8 dQ, 
A sint?a +rsinae f qd + cos a—— 
r d tra) 
d?* M, 


M, =qr(r+e) —2rtanaeQ, - 
d ¢? 


it, oe Me eee = 


, ae : : : 
sin a d@¢ sina cos a sine 


Mr= — cosa f M.d¢ ~ reosa f qede - Bsinacosa 
The general solution of the differential equations shows that the structure fixed at both ends is 
statically indeterminate to the sixth degree, where the constants A through F are the redun- 
dants. To make a statically determinate structure, we cut the system at ¢ = 0. Then, for 


symmetrical loading, there are only two redundants EF and F remaining. 


Solution of equations 


With this simplification, the solution of the differentia] equations for symmetrical loading is: 


1 
G. reosa f qd¢ +-—sinae E sing 
T 
Q, E cos ¢/r 
‘ 1 ‘ 
N = rsina [ado ——cosaE sing 
r 
—qr(r+e)—tanaE ¢sing + Fcos¢ 


M, = — sine faq d¢@ + (sina F + cosa E) sing + sina tana E ¢ cos @ 


Mr = cos nfade — sina E cos @ — sing (cosa Fl — sina E) 


For the statically determinate system we then get: 


M.z = — tan¢sing M.zr = cos@ 
M,yz = cosasin¢ + sina tana ¢cos¢ Myr = sin asin @ 
Mrz = sinasind — sina? cos ¢ Mrr = — cosasin@ 


Mio = — qr(r +e) 
Myo = — qr sina? 
Mro = qr? cosa ¢ 
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The torsional rigidity is: 
Ge = 2EI, I, 


ds = rd @ /cos a 


Neglecting as usual the normal and shear forces, the work integrals are, when multiplied by 


, L\ ¢ 
= MuMade + 14(14 ) far Mrdé¢ 
I I,)s 


cos a El,/r, 


6; E> tan? @ 


° ‘ ‘ 9 > - ‘ I, . ‘ 
¢o? sin 2 ¢o — = 6 sin 2 go 
' i, 


(2 do sin 2 go) = 


f I, i. 
ber = 14 tana < 2 l1—(l - 16 cos? a) | - - (2 do sin 2 do) T 
| ra = 
i, f 
(1 L6 cos? a l sin 2 d90 — 2 do cos do > = 0.61197 
( ry | 


I , 
Mo + ly sin 2 do (1 ly COS* @ l 
ly 


After all displacements are found, the following equations can be established. 
E bee + F ber — doz 


E ber + F irr — dor 
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Fig. 4—Forces or moments are drawn for half the length of stairway. Stairway cut at 
od = 0. Moment M, is 0 at ¢d = 0. 


From this we get: ; dor . Orr 


bez . OF; 


~ Sep 


Fig. 5—Principal steel concentrated at 
outer and inner edges of ramp 


— dor 


Ox: 


— $gp 


Wy OER 


= 0.9699 q r* 


The different values of M,, M,, Mr, N, Q:, 
and Q, are calculated by previously given 
The forces 


and moments do not vary about b; they vary 


equations and drawn in Fig. 4. 


only in the longitudinal direction of the ramp. 
It is seen that M, is the principal moment and 
M, is only of secondary importance. An 
analysis made by the theory of circular beams 
The 
strong shell effect of this kind of structure 


would give completely wrong values. 


would be wasted. 

From Fig. 5 it is seen that the principal 
steel is concentrated at the outer- and inner- 
edge of the ramp. The greatest compression 
found in the concrete produced by bending 
about two axes plus compression force was 
98 kg per sq cm. The stresses used in steel 
were 1400 kg per sq cm, both within the limits 
using 225 kg per sq cm concrete. 
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Locating Metal Embedded in Concrete 


By W. 


Quite often it is necessary to determine the 


location of reinforcing steel in concrete. 


Reasons may vary from a requirement for 


steel 
to determining the location of reinforcing or 


verifying the accuracy of the setting 
embedded metals during repair or alterations. 
In the past it has been necessary to either 
cobalt 
Chipping concrete is 


chip out concrete or use x-ray or 


magnetic flux devices. 
usually damaging to the structure, especially 
re to be 
The x-ray and magnetic flux methods 


if extensive or critical areas a investi- 
gated. 
have no damaging effect on the concrete but, 

1 addition to being slow and costly, do re- 
quire laboratory technicians to conduct the 
difficult to 


examination and are interpret 


when complete. 
The Washington 
Icngineers 


District of the Corps of 


recently needed a method of 


verifying the presence or absence of rein- 


forcing steel in a reinforced concrete multi- 
cause of 
Preliminary 
chipping concrete at se- 
indicated that 
by that could not be 
accomplished because of consequent damage 


story structure to determine the 
cracking in floors and ceilings. 
investigations by 
lected 


investigation 


locations adequate 


means 
to the structure. During the consideration of 


other means of conducting the investiga- 
it was discovered that the United States 
Army Medical Corps had a machine used to 


tion, 


MARKS JAILLITE* 


determine the location of metallic 
of the de- 
vices was loaned to the Corps of Engineers 
for experimentation by the hospital at Fort 


Belvoir, Va. 


precise 


particles in a human body. One 


The device, known as a Berman metal 


locator, was developed by Samuel Bermant 
as an aid to surgeons in the effective detection 
and removal of metallic foreign bodies during 
surgery. The device, used for guidance dur- 


ing the exploration and actual surgical re- 


moval procedure, was developed and 
cessfully passed its first test in a New York 
City hospital 1941. One of 
the sets had Hawaii by an 
American surgeon who was delivering a series 
the Honolulu Medical So- 
attack on 
The urgent 
that 
attack was recognized and the 
single machine 


suc- 


in November, 
been taken to 
of lectures before 
ciety at the time of the 
Pearl Harbor on Dec. 7, 


need for 


historic 
1941. 
such equipment following 
devastating 
available on the island was 
machine has been 
Medical 


at large 


pressed into service. The 
used extensively by the I 
and the 
since that time. 


Army 


Corps medical profession 


The locator is an electronic device using a 
thin pointed probe for the detection and loca- 
tion of foreign metal bodies. The device is 
effective in identifying iron or steel and can 


be used for nonferrous metals such as brass, 


*Chief, De sign Branch, W eee District, Corps of Engineers, Washington, D. C. 
» ¢ 


+tBerman Laboratories, Ozone Park, 
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copper, and aluminum. The locator, shown 


in Fig. 1, does not require actual contact 
with the metal but, by scanning the surface 
of the concrete with the probe, the reinforcing 
steel can be located by the indication of a 
The meter and loud 
speaker are synchronized so that a sound of 
uniform pitch is obtained. The probe is then 
moved to lightly scan the surface of the con- 


meter and by sound. 


crete and when the probe approaches the 
reinforcing steel, the meter reading rises 
and the tone pitch from the loud speaker also 
rises sharply. As the probe passes the rein- 
forcing steel, the meter reading drops and the 
tone pitch recedes. The point on the surface 
of the concrete where the meter reading and 
tone are highest locates the position nearest 
the reinforcing steel. 

By simple adjustments of the meter, the 
operator with a little experience can deter- 
mine the depth of reinforcement with reason- 
The size of the steel can be 
determined approximately by the reaction 
of the meter and the tone pitch. Smaller 
reinforcing bars will give lower meter and 
tone pitch reactions. 


able accuracy. 


Larger bars give higher 
indication on the meter and a higher tone 
pitch. The size of the reinforcement and the 
depth in the concrete slab must be consid- 
ered at the same time. In other words, a 
large bar deeply embedded in the concrete 
and a small bar with shallow embedment 
could give the same reaction on the machine. 


February 1958 


Fig. 1—Metal locator in op- 

eration. Marks on floor in- 

dicate position of reinforcing 

steel as determined by probe 
in operator's hand 


Therefore, it is not possible to distinguish 
between a #4 and a ¥5 bar unless they are 
located at precisely the same depth in the 
concrete. It is, therefore, desirable for the 
operator of the equipment to be thoroughly 
familiar with the designed spacing of rein- 
forcing both vertically and horizontally and 
the sizing of the steel in the structure prior 
to the investigation procedure. Results of 
the investigation may be calibrated by chip- 
ping concrete to expose the embedded metal 
in a few selected locations, or by use on 
samples of reinforced concrete in which size 
and depth of steel are known. 

During one investigation it was discovered 


that the equipment did not function properly 


over concrete floors covered with asphalt tile. 
The asphalt tile was removed and the locator 
performed in manner. In- 
vestigation revealed that the asphalt floor 
had been cleaned with steel brushes and that 


a satisfactory 


steel splinters had become embedded in the 
asphalt tile surfaces, resulting in faulty per- 
The use of the 
pan-type 


formance of the instrument. 
locator in concrete construction 
where the probe can be moved up and down 
the sides of the joists will reveal the location 
of the reinforcing steel precisely. The equip- 
ment is limited in the depth to which it 
will penetrate concrete effectively—approxi- 
mately 6 in. It cannot accurately differen- 
tiate reinforcing steel closely spaced or at a 
depth which is approximately the same di- 
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mension as the horizontal spacing. If the 
reinforcing steel is placed as upper and lower 
steel, it is located in the floor of one room and 
in the ceiling of the room below. 

The equipment was not developed origi- 
nally for investigating steel in reinforced 
concrete and, although the equipment per- 
formed exceedingly well for locating rein- 
forcing steel, some modifications were found 
desirable for adaptation to this new use. 
Modifications to the original surgical ver- 
sion of the machine to adapt it to newer and 
more grueling use 
shield not easily 


include a new probe 


marred on contact with 
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rough concrete, battery as well as a-c power 
supply, and a long extension cord on the 
probe to minimize frequent moving of the 
machine. 

The Washington District of the Corps of 
Engineers has found the Berman metal lo- 
cator a useful instrument in the location of 
reinforcement in reinforced concrete struc- 
tures both during the construction and post- 
construction stage. The equipment costs 
approximately $650. It is simple to operate, 
but familiarity with the 


knowledge of its limitations and experience in 


equipment and 


its operation produce better results 








Prollems and Practices 








A series relating to ‘‘down-to-earth, every- 
day’’ concrete problems which attempts to give 
brief answers to the more common (and some- 
times uncommon, too) questions asked about 
concrete design and construction practices. 

To some, the answers will seem simple and 
obvious; others may prove controversial. 

All ACI members are invited to participate— 
either by submitting an inquiry, or even better, 
by telling JOURNAL readers how an intriguing 
problem was solved. It may well be that readers 
will be able to suggest more practical solutions 
than those presented. 


In ‘‘Problems and Practices’ of the October, 
1957, JOURNAL, Proc. V. 54, pp. 359-361, 
cracks were reported in the corner columns of a 
three-story building. Outside columns are about 
14 x 20 in., inside columns about 18 in. square. 
Outside spandrel beams are about 20 x 24 in., 
inside one-way beams about 16 x 22 in., with 8- 
in. one-way slabs. Building is four bays by 
five bays, corner bays about 22 fi square. A 
large percentage of the 8 in. thick concrete 
masonry backup in exterior walls also appears 
to have moved out. The following additional 
comments have been received on the problem. 


The overstressing of the concrete frame 
might be unexplainable, beyond the fact that 
moments were placed upon it that it could 
not handle adequately, if we did not have the 
additional data of the moving wall or shrink- 
ing slab as the case may be. 


Whenever two such unlikely things happen 
to a building it would be wise to consider 
them related. 

The shrinking slab is the key to the situa- 
tion, if there is a natural and perfectly logi- 
cal reason for concrete to react in such a way 
that this condition not only could but must 
have occurred under the prevailing circum- 
If we assume that the concrete did 
shrink then we must explain a further obvious 
but puzzling fact. This shrinkage had to 
occur 2 months or more after the 
It is probable that the slab 
did not shrink, nor did it expand. 


stances. 


sec ynd 
floor was placed. 


Concrete structures obey certain natural 
laws and if certain conditions prevailed then 
the indicated results most certainly would 
have occurred. The size of the building, the 
type of construction, and the condition under 
which construction is done indicate that all 


is not 


conditions except one did occur. It 
impossible that the other also occurred. 


To clearly understand how this combina- 
tion of factors produced such startling re- 
sults, redistribution of stress must be con- 
sidered. Above all it must be 
during construction. If a building can absorb 
the unknown (and undesigned for) reversals 
of stress it must take during construction, 
practically nothing will bother it thereafter. 


considered 


Furthermore, these stresses during con- 
struction result in very real movements of 
the structure. To the observer these move- 
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ments are extremely small and take a great 
length of time to complete. To the concrete 
these motions are whiplike and are of ex- 
treme intensity. Remember further that the 
concrete has not attained fina] strength. 
The following conditions could have pre- 
vailed. Because the building is only three 
stories, it is quite likely that all floors were 
supported until the roof was placed. Even 
though it was by partial shoring, the slabs 
and beams must have been supported. This 


concreting took a great deal of time and 
naturally the exterior brickwork would have 
been run up while shoring was still in place. 


Now as soon as the shoring was removed 
the interior of the building was available 
for work. The owner and the architect 
could see no reason for not demanding that 
work be done with all possible speed. This 
the contractor probably did. 

It is probable that the first floor slab was 
cast after shoring was removed. To cast the 
slab before would be taking a serious chance 
Also at 
this time the 2 in. topping would have been 
placed. 


on frost heave ruining the floor. 


Interior finish was being applied at 
full speed now. The building had begun to 
fail, however, quite slowly. 

In placing the second floor slab a condition 
occurred which placed a positive crown in 
the slabs and beams. If a frost effect oc- 
curred it would not lift the columns but 
would affect the shoring resting on mud sills. 
The farther these supports were from the 
columns the greater the lift would be, and 
the result would be an arch in the slab and 
beams. A workman tightening up the form 
supports a little too much during placing of 
the floor could have done the same thing. 
Remember this only initiates the action; 
therefore it need not be large. 

In heating multistory floors, usually in 24 
hr the formwork for the next floor is started. 
Naturally there is no insulation on the floor. 
Cold air and convection removes the heat 
rapidly from the slab and beams. The 
thicker a slab is, the worse the condition be- 
comes and an 8-in. slab could be relatively 
green in the top part. Real curing depends 
upon mild weather temperature or heating 
of the building after construction is com- 
pleted. Then concrete has a proper time- 
temperature interval to gain full strength 
before uniform loads are applied to it. 
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Probably the topping was applied to an 
uncured concrete floor. It added nothing 
to the strength of the floor. It did provide 
more load which in addition to the dead load 
of the slab itself helped to remove the arch 
effect from The slab’ began to 
flatten, forcing all columns outward. 

Now as I have intimated, the leveling 
action of the arched floor slab does not in it- 
self provide the answer. A concrete struc- 
ture does have a rather large inertial action 
and once a movement is started it will con- 
tinue for some time. The movement in this 
case was stopped by the stress applied to the 
interior beams and floor slab. 


the slab. 


The entire 
floor area was stretched the amount of the 
crack showing between the brick and the 
topping. The brick was pushed 
outward by the concrete, and having no 
positive tie that would return it, it stayed 
in its most outward position. 


exterior 


The movement 
was not enough to cause rupture and natur- 
The interior 
masonry wall is tied to the exterior brick 
more firmly than to the concrete frame and 
will remain with the exterior brick wall. 

At the time the floor slab stopped out- 
ward action of columns at the floor line, a 


ally no evidence now shows. 


whip action was started, for the column above 
this point was still in movement. Probably 
at this time the column cracked. This move- 
ment and the preceding movements were of 
course transferred to the floor above; how- 
ever, the forces were more equally distrib- 
uted and the cracks more vertical in effect. 
Then the returned to its original 
dimension and the crack between the top- 
ping and the brick wall occurred. There was 
no effect at interior walls, for the movement 


slab 


of expansion and contraction are fully com- 
pensatory in effect. 

The fact that the concrete faces above and 
below the rupture are no longer in the same 
plane, indicates a rupture of bond to the 
point that steel and concrete are no longer 
working in unison. 

There can be no such action on the first 
floor as this floor slab is not a part of the 
rigid structure and cannot expand. Any 
movement of the column will not later be 
discernible. 

J. D. Davis 
Field Architect, A. Epstein and Sons, 
Chicago, II. 
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of Significant Contributions in Foreign and Domestic Publications 


Bridges 


New aspects in the selection of bridge 
design (Nové hladiské v tvorbe most- 
ného profilu) 


J. Troxan, Stavebnicky éasopis Slovenskej akadémie 
vied (Bratislava), No. 4, 1957, pp. 231-238 
Reviewed by J. Stork 

Review of several new reinforced concrete 
bridge designs submitted for competitions in 
Germany, and Austria and 
illustrating chiefly the possibilities offered by 
prestressed 


Switzerland, 


concrete and statically inde- 


terminate construction techniques. 


Some _ recent 


Ceylon 


H. C. Hussanp and K. H. Best, The Structural 
Engineer (London), V. 35, No. 3, Mar. 1957, pp. 
107-124 


highway bridges in 


Reviewed by C. P. Siess 


Description of design and construction 


features of several prestressed concrete 


bridges including a rolling-lift bascule of 


33-ft span. Describes five instances of failure 
during stressing of 1)%-in. diameter high 
strength bars, due apparently to defects in 
the threads at anchorage or coupling and to 
possible work-hardening. Also 
method of repair used when honeycombed 
area was found beneath a bearing plate. 


describes 


Prestressed concrete road bridge 
P. Sourrer, Civil Engineering and Public Works Re- 
view (London), V. 52, No. 613, July 1957 
Reviewed by GUNHARD-AEsTIUS ORAVAS 

Describes the design and construction of a 
prestressed road bridge of 38.8-m span near 
Zurich. The deck is a solid 15 cm thick slab 
carried on two inverted trestles, the legs of 
V. 54. 
review, the book or article reviewed is in English. 


language. 


are not available through ACI. 
year. 


Address P.O. Box 4754, Redford Station, Detroit 19, Mich. 


which divide the length of the bridge into 
three spans of 7.9, 23, and 7.9 m. 

Calculated and measured deflections and 
are shown in addition to some dy- 
namic measurements brought about by a 30- 


stresses 


ton truck crossing the bridge at a speed of 30 
km per hr. 


Application and development of 
AASHO specifications for bridge design 
Eric L. Erickson and New Van Erna, Proceedings, 
ASCE, V. 83, No. ST 4, July 1957, pp. 1320-1-1320-38 
AvTHors’ SUMMARY 
The accelerated program of highway and 
bridge construction has focused the attention 
of engineers on the Standard Specifications 
for Highway Bridges of the American Associa- 
tion of State Highway Officials, under which 
the bridges will be designed and built. In 
this paper, the application of these specifi- 
cations is explained, paying special attention 
to the history and development of the various 
provisions. A section is included covering 
their application to bridges on the national 
system of interstate and defense highways. 
An extensive bibliography is included. 


Construction 


Practices and methods of construction 


J. SrervnserGc and Martin Srempet, Prentice-Hall, 


Inc., Englewood Cliffs, N. J., 1957, 213 pp. 


The book is ‘designed to give the reader 
an insight into each particular construction 
problem.” 
book 


schedules, 


In nontechnical language, the 
covers and 
land purchase, 


reinforced 


organization planning 
insurance, 


concrete, 


sub- 
structures, structural 


steel, piles, cofferdams, caissons, and well- 


A part of copyrighted JouRNAL or THE AMERICAN Concrete Institute, V. 29, No. 8, Feb. 1958, Proceedings 


Where the English title only is given in a 


d If it is followed by a foreign title the work reviewed is in that 
In those cases where the foreign title cannot conveniently be set in type or is not available, the language 
of the original article is indicated in parentheses following the English title. 


Copies of articles or books reviewed 


Available addresses of publishers are listed in the June “Current Reviews” each 
In most cases ACI can furnish addresses of publications added later. 


For those members who cut apart this section for pasting on cards for card indexes, a limited number of compli- 
mentary reprints of the “‘Current Reviews” section are available from ACI headquarters on request. 
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points. It would seem appropriate back- 
ground material for owners planning a build- 
ing, young engineers in training, or office 
engineers with little opportunity to familiar- 
ize themselves with field procedures. 


Continuously moving formwork in the 
construction of an 8000 ton capacity 
grain storage silo 
D. M. Maaee, Lulletin, Institution of Civil Engineers 
of Ireland (Dublin), V. 84, No. 1, Dec. 1957, pp. 13-50 
A comprehensive description of the con- 
struction problems encountered in the use of 
sliding forms. Complete descriptions are 
given of the design and detail of the sliding 
form, the jacks, work deck, concreting 
operations, and concrete. The descriptions 
of each operation are particularly detailed. 


Caissons for dry dock (in Danish) 
S. Brrcn, Ingenigren (Copenhagen), B Edition, V. 66, 
No. 25, Sept. 15, 1957, pp. 666-672 

Reviewed by Jesper STRANDGAARD 

The construction and transport of the con- 
crete caissons for a new dry dock in Copen- 
hagen is described. The dock is 715 x 200 ft 
and has a capacity of 38,000 tons. 

The open-bottomed caissons were floated 
on barges to location and lowered to rest on 
pre-set concrete pads. A seal course was 
placed through tremies to such height that 
caissons could be dewatered and the upper 
part finished dry. The caissons forming the 
sides of the dry dock carried the temporary 
movable bridge from which the bottom slab 
was placed through tremies. 


Construction Techniques 


Preheating of the concrete aggregate 
during the winter time (in Russian) 
L. 8S. ZamacHAgEv, Beton i Zhelezobeton (USSR), No. 2, 
Feb. 1956, pp. 49-51 
Reviewed by K. P. Karporr 

Describes a specially made corrugated con- 
crete slab which is provided with a system of 
steam-heated pipes and warm revolving 
screws in the bottom of the hollows. The 
revolving screws are used for dumping the 
preheated material through hoppers to the 
conveyor of the concrete plant. Author pro- 
vides drawings in detail of the preheating 
system. 
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Determining the temperature of mas- 
sive concrete placed upon frozen soil 
or concrete foundation (in Russian) 
J. M. Betxtin, Beton i Zhelezobeton (USSR), No. 2, 
Feb. 1956, pp. 51-53 
Reviewed by K. P. Karporr 

Describes theoretical method for determin- 
ing temperature of the massive concrete at 
the contact surface with a frozen foundation. 
Author presents a derivation of the thermal 
conductivity equation for determining the 
concrete temperature at contact surface with 
frozen foundation (soil or concrete). This 
derivation is supplemented by thermograph 
showing the change of temperature during 
the setting of the freshly placed concrete at 
the contact surface with the foundation. 
New technique evaluates the preheating of 
frozen surface of the foundation for placement 
of the fresh concrete. Consequently, winter 
concrete works become more economical 
Article is supported by six references related 
to the development of the theory 


Design 


An approximate solution to the prob- 
lem of longitudinally continuous shells 
P. B. Morice, Magazine of Concrete Research (Lon- 
don), V. 9, No. 26, Aug. 1957, p. 95-104 

It is shown that the membrane equations 
and the simple edge beam analyses yield 
solutions compatible with that of the edge 
disturbance problem so that a compiete shell 
edge beam analysis is possible. 

The solution to the problem of longitudi- 
nally continuous shells shows every promise of 
being amenable to programming for electronic 
digital computers. 


Recent research at Imperial College on 
the design of reinforced concrete 
frameworks by ultimate load theory 
A. L. L. Baxer, The Reinforced Concrete Review 
(London), V. 3, No. 6, 1954, pp. 313-353; discussion 
pp. 353-369 
Reviewed by Wiit1am R. Lorman 
Present methods of designing reinforced 
and prestressed concrete frame systems are 
based partly on elastic and partly on ultimate 
load conditions. Since 1947 the principal 
concrete research at Imperial College has 
centered about the establishment of a design 
theory that incorporates the plastic hinge 
theory developed by Baker at Cambridge 
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University in connection with statically in- 


determinate frameworks of structural steel. 

Describes assumptions made in the plastic 
hinge theory of reinforced concrete frames 
and outlines the design procedure. Discusses 
change in concept of safety factor, how cer- 
tain features influence strength and deforma- 
tion of beams and which apply to plastic 
hinges, the computation of ultimate strength 
and rotation of 


of beams, plastic hinges. 


Pages 333 through 337 are devoted to a 
design example involving the new theory. 
tesearch in this field is reviewed; laboratory 
test data and observations are given relative 
framework and various 


to beams, joints, 


concrete frame models 


Torsional buckling of thin-walled bars 
(in Polish) 
Ryszarp Daprowsk!, Archiwum Inzynierii Ladowej 
Warsaw) 2 0. 1-2, 1956, pp. 45-108 
Reviewed by STEVEN GALEZEWSK!I 
This paper presents the problem of torsional 
buckling as well as ultimate load design of 
with 
Both 
investigations are 


axial concentric 


theoretical 


thin-walled members 


or eccentric forces and 


experimental discussed. 


Time-saving graphs are given 


Theoretical and photoelastic investiga- 
tion of a tunnel conduit loaded through 
a longitudinal shattered zone (in 
German) 


GERHARD SONNTAG, 
No. 11, Nov. 


Der Bauingenieur (Berlin), V. 31, 


1956, pp. 408-412 
teviewed by Aron L. Mirsky 

Study of the stresses in the concrete lining 
of a tunnel of horseshoe shape, with unpaved 
invert, in rock. Load is applied only through 
a zone of shattered rock at the crown of the 
tunnel; remainder of rock exerts only passive 
E for concrete was taken as 200,000 
kg per sq em; for rock, two values were used, 
700,000 and 70,000 kg per sq cm, but the 
investigation showed that for all practical 
purposes the rock could be taken as unyield- 
ing. 
found to be proportional to the load, but not 


pressure. 


Flexural stresses in the lining were 


to the moment of inertia of the lining section 
Creep of the concrete or yielding of the skew- 
backs destroys proportionality. Photoelastic 


results for two full-circle linings are also 


shown 


Method of column analogy in rec- 
tangular frames with one axis of 
symmetry (in Serbian) 

Soames Mitsenko, Nase Gradevinarstvo (Belgrade) 


11, No. 7, July 1957, pp. 200-202 


Reviewed by J. J. PottvKa 


Method based on principles of ellipse of 


elasticity (introduced in last century by 
Swiss engineers Culmann and Ritter) is dis- 
cussed and applied to rectangular frames 
restrained at supports and with continuity 
at supporting corners, both structural types 
Theoreti- 
cal analysis is thoroughly explained in two 


having vertical axis of symmetry. 


numerical examples pertaining to both struc- 
tural types, subjected simultaneously to ver- 
tical and horizontal loading. One support is 
released to make the structure statically de- 
terminate, and the redundant forces (bending 
moments) are found by equaling elastic de- 
formations (rotations and displacements) of 
the statically determinate system and those 
caused by redundant forces 


Minimum design loads in buildings 
and other structures (American Stand- 
ard A58.1-1955) 


American Standards Association, 1956, $1.50 


BRI Apsrracts 

Oct. 1957 

National 
this standard 


Sponsored by the Bureau of 
Standards, 
comprehensive data on effect of wind avail- 
able today. It lists 


designing and constructing buildings “to sup- 


includes the most 


factors to consider in 
port safely all loads of construction in the 
De- 
tails on how to figure dead loads, live loads 
for different types of occupancy, wind pres- 


structural members and connections.”’ 


sures for walls, roof, chimneys, etc., and how 
to protect buildings against earthquake dam- 
age are given. There are snow load, wind 
pressure and earthquake maps, and all the 


necessary tables included 


Design of concrete beams of triangular 
cross section (Trojuholnikovy prierez) 
Emr Howuvus, Stavebnicky éasopis Slovenskey akadémie 
vied (Bratislava), No. 3, 1957, pp. 153-166 

Reviewed by J. Stork 
tables for 
simple slide-rule computation of reinforced 
concrete beams of triangular cross section 


Derivation of formulas and 


subject to bending moments. Computation 


based on the theory of degree of security. 
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Reinforced concrete design and review 
(Le calcul et la verification des ouv- 
rages en beton arme) 
P. Cuaron, Editions Eyrolles, Paris, 1957, 568 pp., 
3585 F 

A textbook on reinforced concrete design. 
Presents a wide variety of design examples 
including, in addition to ordinary building 
structures, prestressed concrete, thin shell 
concrete, and 
Sections on torsion, Vierendeel trusses, and 
reservoirs not available in many textbooks 
in this country, may make the volume useful 
to American engineers. The section on flat 
slab design, however, is particularly inade- 
quate. 


bridges, water reservoirs. 


Design of reinforced concrete slabs 
with special reference to stiffness (in 
Swedish) 


Erik Trupso, Nordisk Betong, V. 1, No. 3, 


1957, pp. 
233-250 


Reviewed by MarGcaret Cornin 


Deals 
adequate 


with deformations which insure 
stiffness of reinforced 
This calculation is carried out on the 
of three distribution patterns 
which are supposed to exist in various cross 
sections of the same slab under the action of 
the working load. The dissimilarity of these 
stress distribution patterns is due to assumed 
differences in the effect of the concrete in the 
tension zone. 


concrete 
slabs. 


basis stress 


In exterior slabs reinforced 
in one direction and rigidly built in along one 
edge, the point at which the bars are bent 
up is supposed to coincide with the actual 
zero moment point. If the slab is resiliently 
built in along one edge, then, in the case of 
moderate clamping, the actual zero moment 
point is assumed to be identical with the 
zero moment point in the state of failure. 
Analogous assumptions are made for corner 
slabs reinforced in two directions and built 
in along two edges. Other conditions at the 
edges are viewed as less dangerous than those 
enumerated above. 


Approximate analysis of the north 
light shell 


A. Curonowicz, Civil Engineering and Public Works 
Review (London), V. 52, No. 614, Aug. 1957 

Reviewed by GunHuARD-AESTIUS ORAVAS 

A simple approximate method is presented 
for the design of a north light shell. 
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Analysis of helical beams under sym- 
metrical loading 
A. M. C. Hotmes, Proceedings, ASCE, V. 83, No. ST6 
Part I, Nov. 1957, pp. 1437-1-—1437-37 

Presents a thorough analysis of moments 
deflections of a helical beam for the 
Includes tables and 
curves for members of rectangular section 


and 
symmetrical case. 
which show the greater structural efficiency 
and smaller deflection of shallow wide mem- 
bers. The derivations are explained in detail 
and in simple engineering terms intended 
as an introduction for the engineer unac- 
customed to problems in curved structures. 


Design of eccentrically-loaded col- 
umns by the load-factor method 
J. D. Bennett, Concrete and Constructional Engineer- 
ing (London), V. 52, No. 11, Nov. 1957, pp. 361-371 
Develops formulas and graphs for the de- 
sign of columns with symmetrical cold work 
reinforcement so that the process of design is 
short and simple. This is the first of several 
papers scheduled to contain charts for col- 
umns reinforced with mild steel and for 
columns with unsymmetrical reinforcement 
as well. The results by the proposed method 
differ somewhat those following the 
formulas adopted in the British Building 
Code, in that for compression failures the 


from 


actual tensile stress in the steel is used in- 
The actual 
stress is based upon a consideration of com- 
patibility of strains. 


stead of the permissible stress. 


Complete and exact calculation of cir- 
cular cylindrical shells of constant 
thickness (Calcul regoureux complet 
des voiles cylindriques d’épaisseur 
constante 4G directrices circulaires) 

JEAN LARRAS, Travaux (Paris), No. 276, Oct. 1957, pp. 


noe 


523-527 


Summarizes the many simplifying assump- 
tions which must first be considered in the 
calculation of shells and notes the successive 
improvements which have been brought about 
in such calculations. method 
which takes into account all factors and in 
particular the phenomena of transverse 
strains with ratio. 
Author writes down 13 general strain equa- 
tions for an element of the shell and then 


Outlines a 


connected Poisson’s 
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transforms a certain number of these so as 
to reduce the problem to the solution of three 
partial differential equations of three un- 
knowns; the solutions of these unknowns are 
then substituted in the other ten equations 
whether transformed or not. 

After transformation into double Fourier 
series, the problem is reduced to the solution 
of a certain number of systems of three equa- 
tions of the first degree having three un- 
knowns; this can then be achieved relatively 
simply by modern methods of mechanical 
calculation. The limiting conditions, which 
number 24 in the general case, allow one to 
arrive at a single solution. 


Design of cylindrical reservoirs (Cal- 
culs des reservoirs cylindriques 4 paroi 
d'épaisseur constante) 


R. Muzet, Travauz (Paris), No. 
344-352 


79 


272, June 1957, pp. 

Purpose of the article is to provide a more 
complete design method based on the plane 
lamination theory. The simplified formulas, 
which are those given in 1944, provide ac- 
curate figures for the calculation of cylindrical 
reservoirs when the ratio h/a, that is to say 
the height to the stiffness characteristic of the 
wall, is greater than five. 

Concludes that differences between values 
calculated by the general formulas and those 
calculated by the simplified formulas are 
small. 


Materials 


Physiochemical studies of the de- 
structive alkali-aggregate reaction in 
concrete 
Rosert G. Pike and Donatp Husparp, Journal of 
Research, National Bureau of Standards, V. 59, No. 2, 
1957, pp. 127-32 
CrraMic ABSTRACTS 
Oct. 1957 
In a further study of the alkali-aggregate 
reaction in high-alkali cements, 11 reactive 
and nonreactive experimental aggregates were 
examined by several procedures. When the 
results of each method are compared with 
those of the standard expansion-bar test, it 
appears that each property studied has some 
bearing on the expansion characteristics of 
each aggregate. Examples: (1) The chemical 
durability as determined by the interfero- 


REVIEWS 713 


meter procedure was poor for the aggregates 
that showed excessive expansion, -but not all 
aggregates that are shown to be chemically 
reactive by this procedure will cause expan- 
sion. (2) All aggregates are sufficiently 
hygroscopic to attract the water necessary 
for the reaction if other properties are also 
favorable. (3) Surface electrical resistance 
confirm the hygroscopicity 
determinations, but free ions in glasses may 
have considerably more effect on the surface 
resistance of certain glasses than do their 
hygroscopic properties. (4) The uneven 
distribution of migratable ions between the 
aggregate surface and the outer phase offers 
a mechanism for the osmotic swelling of 
individual aggregate grains, with accompany- 
ing expansion in concrete members. 


measurements 


Concerning the resistance of cement 
to various types of attack and the re- 
liability of the “Anstett” test from the 
point of view of the behavior of struc- 
tures in contact with corrosive water 
and soils (De la résistance des ciments 
aux différents modes d’attaque et du 
crédit qu'il convient d'accorder 4 
essai “‘Anstett” au point de vue du 
comportement des ouvrages en prise 
avec des eaux et des sols agressifs) 
P. Fourtiovux, Travaux (Paris), No. 269, Mar. 1957, 
pp. 121-125 

The various types of attack on cements 
exposed to corrosive surroundings can be 
classed in two basic types: (1) a dissolving 
of pure water, acid chlorinated 
water, and (2) an expanding action of water 
containing sulfates (water containing selenite 
or Magnesia, or sea water). 
also expanding. 


water, or 


Alkali reaction is 


The ability of a cement to resist being 
dissolved is derived from its lime content or 
from a structure set up by waterproof gels. 


Strontium oxide content of portland 
cements 


LeonarpD Bean, ASTM Bulletin, No. 224, Sept. 1957, 
pp. 42-43 

The determination of the strontium content 
of cement may have an important bearing 
on the question of calculating compound 
composition and of meeting a specification 


requirement. Author presents a curve show- 
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ing the frequency of distribution of percent- 
ages of SrO.in the 75 cements reported in this 
paper. This data is combined with data for 
128 cements reported in 1955 to give a fre- 
quency of distribution curve for 203 cements. 

An error of 2 percent in reported tricalcium 
silicate can result if strontium is not deter- 
mined and the necessary correction made. 
If calcium is determined by the routine titra- 
tion procedure, the error caused by failure to 
determine strontium is minimized. 


Effect of dispersing agent on the 
permeability of concrete (in Japanese) 
Jrro Murata, Transactions, Japan Society of Civil En- 
gineers (Tokyo), No. 46, June 1957, pp. 1-7 
Reviewed by Kryvosn1 OKADA 
Describes permeability test of concrete ir 
which dispersing agent is used. Test speci- 
men of 30 cm height and 15 or 30 em di- 
ameter is subjected to static pressure of 15 
or 20 kg per sq em through inner hole of 2 
em diameter bored along the axis of speci- 
men. The agent gives less permeability to 
concrete without changing consistency and 
strength. 


Use in mass concrete of aggregate of 
large maximum size 


J. D. McInrosn, Civil Engineering and Public Works 
Review (London), V. 52, No. 615, Sept. 1957 
Reviewed by GuNHARD-AEsTIUS ORAVAS 


Reviews the characteristics required of 
the concrete and the methods which have 
been used to obtain a watertight, durable, 
and with mix 


proportions; paper also discusses the choice 


stable structure economical 
and preparation of aggregates, the impor- 
tance of aggregate grading, the use of air en- 
trainment, the control of concrete produc- 
tion, and methods of specifying and testing 
the properties of the concrete. 


Effect of coarse aggregate on the mode 
of failure of concrete in compression 
and flexure 
R. Jones and M. F. Kapitan, Magazine of Concrete 
Research (London), V. 9, No. 26, Aug. 1957, p. 89-94 
Experiments have been made to determine 
the flexural and compressive strengths of 
concretes different 
aggregates. 
Concretes containing smooth gravels began 
to crack at lower compressive stresses than 


containing 13 coarse 
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did concretes containing coarser-textured ag- 
gregate. 
show such appreciable differences. 


The compressive strengths did not 


Concretes which best resisted pre-cracking 
flexural 
strength of the concrete, and the stress at 


in compression also gave highest 


which cracks first occurred in compression 
was independent of the type of coarse aggre- 
gate; no such unique relation existed between 
flexural strength and ultimate compressive 
strength. 


Pavements 


Experimental studies on prestressed 
concrete pavement (in Japanese) 
Yasuo Konpo, Kryosui Oxapa, et al, Transactions, 
Japan Society of Civil Engineers (Toyko), No. 49 
Oct. 1957, pp. 1-8 
Reviewed by Kryosu1 OKAvA 

To aid in constructing prestressed pave- 
test 10 x 300 x 1200 cm is 
prestressed up to 17 kg per sq em only in 


ments a slab of 
longitudinal direction by four high strength 


bars of 17.4 mm diameter. The stress dis- 
tributions in the slab after transfer of pre- 
stress are measured and compared with 


theoretical analysis. A small scale loading 
test and subgrade friction test are also made 
Effect of subgrade friction on loss of initial 
prestress is theoretically analyzed. 


Precast Concrete 


Composite section used for fast San 
Diego job 
R. C. Dorvanp, Journal, Prestressed Concrete In 
stitute, V. 2, No. 2, Sept. 1957, pp. 31-35 

A precast utilized 


concrete craneway 


precast reinforced columns and _ precast 


beams with lower portion prestressed and 
Includes sketches 
of details employed and brief description of 


upper portion reinforced. 
erection. 


Precast family house 
rodinny dom) 


S. Francvu, Stavebnicky éasopis Slovenskej akadémic 
vied (Bratislava), No. 1, 1957, pp. 42-62 
Reviewed by J. Stor«K 


(Montovany 


Design and description of semidetached 
one-family houses including kitchen and four 
rooms and made of medium" size precast 
lightweight aggregate 
ceptible of assembly in 


units 
difficult 


concrete sus- 


country 
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truck-mounted 

Cost supposed to be 10 percent lower 
that of a the 
size. man 


conditions by means of 
crane. 
than current 


brick house of 


same Considerable reduction of 


hours and dead weight of units. 


New silos made from prefabricated 
units (Nouveaux silos préfabriqués au 
Maroc) 


Marcet and ANDRE REIMBERT 
269, Mar. 1957, pp. 126-134 


Travaux (Paris), No 

Up to the time of the last war, site con- 
struction of silos was usually done by tradi- 
methods of 


tional casting the concrete in 


forms. This article refers to two systems of 
prefabrication used for such structures in 


These 


systems are particularly simple and their de- 


reinforced concrete and in metal. 
velopment has been carried out for the pur- 


pose of reducing as far as possible the in- 
dividual weight of prefabricated units while 
achieving in each case the greatest possible 


surface of wall provided by each unit 


Prestressed Concrete 


Fatigue resistance of prestressed con- 
crete beams in bending 
C. E. Exsera, Jr., R. E. Wavruer, and R. G. Sturt- 
rER, Proceedings, ASCE, V. 83, No. ST 4, July 1957, 
pp. 1304-1-1304-17 
AvuTuors’ SUMMARY 

A method is 

fatigue 


the 
concrete 


presented to predict 


strength of prestressed 
based on the failure envelope of the materials 
involved. A discussion of factors influencing 
the fatigue strength, such as percentage of 
steel, level of prestress, and ratio of dead to 
live load is also included. Recommendations 
are given on the notion of safety and on the 
safety factors for prestressed concrete under 
fatigue loading 


First report on prestressed concrete 
Miscellaneous Publication. Standards Association of 
Australia (Sydney), No. 13, 4 pp., 2s 

This first standard on prestressed concrete 
for Australia 
cludes recommended ultimate load factors, 
allowable for and concrete 
under all conditions of loading, bearing, and 
minimum cover. Gives a reference for fire 
resistance from a second Australian standard. 


design and construction in- 


stresses steel 
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Fire resistance of prestressed concrete 
A. W. Hitt, Prefabrication (London), V. 4, No. 48 
Oct. 1957, pp. 561-564 

Presents an abridged report by the Cement 


Concrete Association to 
the 


Summarizes 


and on research 


establish fire resistance of prestressed 


concrete. results and draws 
conclusions from which tentative recommen- 


In- 


refer- 


dations are made for building codes. 
13 


cludes a bibliography of selected 


ences. 


Properties of Concrete 


Determination of optimum conditions 
for the thermal hardening of concrete 
(Bestimmung der optimalen Bedingun- 
gen der thermischen Erhartung des 
Betons) 
N. Marosszexk!, Zement-Kalk-Gips (Wiesbaden), V 
10, No. 9, Sept. 1957, pp. 365-368 
AUTHOR’'s SUMMARY 

The relationship between the water-cement 
ratio of concrete and the optimum time and 
temperature conditions (expressed as a prod- 
uct of hours < degrees) for attaining maxi- 
mum strength was determined by means of 
tests. 


Nonelastic deformations 
structures 
A. M. Nevitie, New Zealand Engineering (Welling 
ton), V. 12, No. 4, Apr. 15, 1957, pp. 114-120 
Hicuway Researcu AnsTRacts 
Nov. 1957 


in concrete 


The stresses developed by shrinkage do 
not vary greatly with normal variations be- 
tween mixes and ratios. This 
may be attributed to the fact that the elas- 
ticity, different 
mixes generally work to balance one another. 


water-cement 


shrinkage, and creep of 

The nature of creep is still under discussion, 
and there is reason to believe that creep is 
due to more than one cause; the numerous 
the 
have not been satisfactorily separated. This 


factors affecting magnitude of creep 


is an important task, since, by making con- 


crete of suitable much 


cracking in mass structures, such as dams, 


creep propert ies, 


could be avoided. Similarly, in prestressed 
concrete the use of expansive cements merits 
consideration. These cements been 
successfully used in jacking up crowns of 
arches, and in the reconstruction of war- 
damaged bridges in France. 


have 
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Some characteristic features of pre- 
packed concretes (Niektoré viastnosti 
beténov pripravenych metédou oddel- 
enej betonadze) 
J. Jampor, Stavebnicky éasopis Slovenskej akadémie 
vied (Bratislava), No. 1, 1957, pp. 63-76 
Reviewed by J. Stork 

Comparison of mechanical, physical, and 
chemical properties of concretes made by 
method similar to the prepacked concrete 
method and those made in usual way. Pre- 
packed concrete specimens made with usual 
cement and aggregates with Czechoslovak 
stabilizing admixture Stabilit S and _ plasti- 
fying agent Plastifikator S show a higher 
compressive strength than conventional con- 
cretes with the same cement contents. 


Several comments on the measure- 
ment of physical and mechanical 
properties of fresh concrete mixes and 
description of a new mobility meter 
(Niektoré poznamky k meraniu fyzi- 
kalno-mechanickych viastnosti betén- 
ovych zmesi a meraé pohyblivosti 
zmesi) 
A. Pavuix, Stavebnicky éasopis Slovenskej akadémia 
vied (Bratislava), No. 2, 1957, pp. 94-102 
Reviewed by J. Stork 

Critical review of the known consistency 
and mobility measurement methods and de- 
vices generally unsatisfactory for some de- 
grees of concrete mix consistency especially 
with relatively dry mixes. Describes a new 
“mobilimeter’’ based on the measurement of 
time for gravity extrusion of concrete from 
cylindrical container subject to mechanical 
vibrations. The new device gives higher ac- 
curacy of measurement and is sensitive to 
small changes in W/C ratio and sand/coarse 
aggregate ratio. 


Creep and the densification of high- 


strength concretes — creep-resistant 
concretes (in German) 
G. Batazs and J. Kian, Acta Technica Academiae 
Scientiarum Hungaricae (Budapest), V.\17, No. 1-2, 
1957, pp. 113-42 
Ceramic ABSTRACTS 
Nov. 1957 (Hartenheim) 
A creep coefficient is developed from the 
momentary value of the elasticity modulus. 
Among the factors causing deformation by 
creep, the most important is the age of the 
concrete. If load is applied at a later age, 
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creep decreases considerably. A permanent 
load results in a densification of the concrete 
which increases the strength and the elas- 
ticity modulus. Densification is greater the 
earlier the load is applied. Shrinking and 
creep are considerably reduced if the con- 
crete is hardened by a combined steam and 
drying treatment. 


Resistance to concrete to weathering 
(Witterungsbestandigkeit von Beton) 
Kurt Watz, Bulletin No. 127, Deutscher Ausschuss 
fir Stahlbeton (Berlin), 1957, 32 pp. 9, DM 
Reviewed by Arnon L. Mirsky 
To show that it is possible to produce con- 
crete which will be highly resistant to the 
effects of weathering, a long-term investiga- 
tion was instituted before the start of World 
War II. Slabs 70 x 40 x 15 cm were prepared 
in 1941-42, using 17 different mixes; some 
were half-immersed in running streams in two 
different localities (elevations 516 and 1085 
m), and others were kept in Stuttgart. In 
1954, after around 12 years in the open or in a 
laboratory, some of the specimens were re- 
moved,* inspected visually, and tested in 
flexure, and compared with other specimens 
which had undergone 
cycles in the laboratory in 244 years. While 
some differences were found between the 
various mixes, the results showed the concrete 
slabs not to have suffered noticeably. (The 
somewhat more marked changes in the water- 
immersed portions of the slabs is ascribed by 
the author to the mildly aggressive character 
of the water and to erosion by the fast-flowing 
mountain streams. 


100 freezing-thawing 


Effect of frost and de-icing salts on 
concrete with and without air-entrain- 
ing agents (Ueber die Wirkung von 
Frost und Tausalzen auf Beton ohne 
und mit luftporenbildenden Zusatz- 
mitteln) 

E. HARTMANN, Zement-Kalk-Gips (Wiesbaden), V. 10, 

No. 7, July 1957, pp. 265-281, and No. 8, Aug. 1957, 

pp. 314-323 

Reviewed by H. H. Werner 


A general review with comprehensive 
summary of reference literature (263 items) 
is presented. Tests indicated that the de- 
icing salts did not damage the concrete by 

*The remainder of the specimens were left undis- 


turbed, to be inspected and tested after 25 years of 
weathering (circa 1966). 
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chemical attack, osmosis, or crystallization. 
Both forms of damage, progressive disinte- 
gration of the top sealing mortar and spalling 
of top layers, are shown to be caused by the 
consumption of melting heat and the conse- 
quent rapid cooling of upper layers. 

with 
tributed free pore space is said to make the 


Air-entrained concrete well dis- 
sealing mortar more resilient and to equalize 


spalling stresses in the deeper layers. 


Accumulated strains in concrete and 
mortar due to repeated wetting and 
drying (in Japanese) 


FUMIHIKO 


Onama, Transactions, Japan Society of 
Civil Engineers J 


Toyko), No. 46, June 1957, pp. 7-14 
Reviewed by Kryosu1 OKADA 
Wetting and drying tests of concrete and 
mortar similar to those conventionally a- 
dopted by U. 8S. Bureau of Reclamation, dif- 
fering only in that smaller specimens (1 x 1x 
10 in.) Total 
tion is found to be drying shrinkage acceler- 
And the 


initial stresses due to the cumulative strains 


are made. residual deforma- 


ated by repetition of the test cycle. 


are analyzed mathematically by taking into 
account the effect of creep. 


Preliminary report of alkali reactions 
in concrete in Denmark (in Danish) 


N. M. Pium, Ervin Povusen, and G. M. Iporn, Jn 
genigren (Copenhagen), B Edition, V. 66, No. 27 and 
28, Oct. 15 and Nov. 1, 1957, pp. 721-735 and 772-780 

Reviewed by Jesper STRANDGAARD 
The articles as the preliminary 
report from the committee formed by Statens 


appear 


Byggeforskningsinstitut in 1954 to investi- 
gate the alkali-aggregate reactions in concrete. 

Certain minerals of the silica group, as for 
example the flint commonly found in Danish 
aggregates, react with alkali in the cement 
and possibly in the gravel, the water, or the 
surrounding media. Depending upon the 
alkali concentration, the amount of reactive 
aggregate, and the gradation of same, the 
reaction may result the 
alkali-silica-gelatin, which by its expansion 
The theory of 
this process, proposed by Powers and Stein- 
our, was considered confirmed by the tests 
and investigations performed by the com- 
mittee. The research program included field 
inspection of 400 structures of concrete rang- 


in formation of 


can disintegrate the concrete. 


ing from sound to completely disintegrated. 
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Cores were drilled and petro- 
graphically, chemically, and microscopically. 
Mortar prism tests with 


types of gravel with reactive material vary- 


analyzed 


were made six 
ing from 0 to 70 percent, grain size ranging 
from 0.03 to 4 mm, and with the alkali con- 
tent of the cement varying from 0.35 to 4.80 
percent of equivalent Na,O. The effect of 
correcting additives were analyzed. A series 


of concrete prism tests is in progress, but 


the results are not available yet. 


Structural Research 


Investigations of bond between rein- 
forcement and concrete 

P. O. Jonsson, Proceedings, Swedish Cement and Con- 

crete Research Institute (Stockholm), No. 29, 1957, 

55 pp. 

Report of bond investigation, principally 
on plain bars, with bars and surrounding 
concrete in axial tension. The purpose of the 
investigation is to develop data for use in the 
development of an empirical formula for the 
calculation of crack widths. The investiga- 
tions are to be continued. 


Effect of frequency on the dynamic 
modulus and damping coefficient of 
concrete 
R. Jones, Magazine of Concrete Research (London), 
V. 9, No. 26, Aug. 1957, pp. 69-72 

Experiments have been made to determine 
the resonant frequencies of concrete beams 
in flexural, longitudinal, and torsional modes 
of vibration at the fundamental and higher 
harmonics. The results were used to study 
the effect of the dynamic 
Young’s modulus and dynamic shear modulus 
for moist and dry concrete. 


frequency on 


Strength tests of self-supporting cylin- 
drical shells from scale models (Es- 
sais de résistance des voiles minces 
cylindriques autoportants sur modéles 
réduits) 


Jean Lapras, Travaux 
pp. 119-120 


(Paris), No. 269, Mar. 1957, 


As in the case of the earlier tests, these 
also refer to self-supporting 
of reinforced concrete whose 
length is between 114 and 2 times the span; 
they are supported by rigid gable-ends with- 


cylindrical 


shells made 
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The 
tests were carried out to failure on seven 
cylindrical shells carrying uniform loads. 


out stiffeners or longitudinal beams. 


Subject to the results of further tests, it 
seems that the dimensions of such structures 
so far built could be doubled (and possibly 
tripled) if the loading is restricted to two- 
thirds of that allowed in the structures now 
in service, which have been considered as 
typical. 


Reinforced concrete pile footings (Se- 
melles en béton armé sur pieux) 


M. J. Bievot, Annales, Institut Technique du Bati 
ment et des Travaux Publics (Paris), No. 111-112, 
Mar. 1957, pp. 242-248 

Reviewed by Henri PERRIN 


the first 
tests on pile footings. 


Presents results of a series of 
Four-pile and three- 
pile footings were loaded up to failure and 
found to offer approximately the same safety 
for different 
However, safety against cracking varies more 
notably with the system used. It 
cluded that the truss analogy may be applied 
to design the reinforcement if the assumed 
diagonal concrete strut is at an angle with 
the horizontal of nearly 45 deg. Punching 
shear, influence of hooks with deformed bars, 
etc., shall be further investigated in subse- 
quent tests. 


factor reinforcing systems. 


Is con- 


General 


Strength of materials 
F. R. SHanutey, McGraw-Hill Book Co., Inc., New 
York, 1957, 780 pp., $8.50 

Suitable as a first text on strength of ma- 
terials for engineers. The theoretical por- 
tions are general enough to serve as a basis 
for all types of structural analysis and design. 
The examples and problems are taken from 
the fields of civil, aeronautical, and mechani- 
cal engineering. The scope goes far beyond 
that for the usual first text in this subject 
making the book valuable as a reference to 
practicing structural engineers. 

Advanced material includes applications 
of moment distribution for statically inde- 
terminate structures and engineering treat- 
ment of buckling in thin plates and shells, 
inelastic column theory, and theory and 
methods of considering fatigue of metals in 
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design. Due to the use of a peculiar sign 
convention, moment distribution examples are 
unnecessarily complicated and _ confusing 
when compared to the sign conventions com- 


monly used in practice 


Synopsis of first progress report of 
committee on factors of safety 
Ouiver G. JuLian, Proceedings, ASCE, V. 83, ST 4 
July 1957, pp. 1316-1-1316-22 

Presents a brief outline of the work of the 
ASCE committee on factors of safety, the 
purpose of which is to (a) define the term 
“factor of related 
applied to bridges, buildings, and similar 
structures; (b) correlate such terms with the 
the 
and 
(d) recommend forms of these factors to be 


safety’? and terms as 


corresponding probabilities; (c) survey 


field as to currently employed factors; 
employed in the future. The paper furnishes 
definitions, statistical data regarding varia- 
tions in physical properties of steel and con- 
crete, and tables and graphs for correlating 
factors of safety and probabilities of failure. 
(See study by Davin in the review following. ) 


Statistical studies on the strength of 
prismatic bodies subjected to uniform 
force fields (Etudes statistiques sur la 


résistance des corps prismatiques 
soumis @ des champs de contrainte 
uniformes) 


M. Davin, Annales des Ponts et Chaussées (Paris), V 
126, No. 6, Nov.-Dec. 1956, pp. 719-754; V. 127, No. 1, 
Jan.-Feb. 1957, pp. 1-18; V. No. 2, Mar.-Apr 
1957, pp. 135-167 


27, 
Reviewed by Aron L. Mirsky 


the local reduction of 
strength with time, causes a reduction in the 
load-carrying capacity of the structure. 
Author defines the factor of safety « as the 
probability that ultimate stress will be larger 
than actual stress after a given period of 


Local failure, or 


This being an “uncertain variable,’ 
recourse is had to the “extreme value’’ laws, 
which are better than the normal probability 
law in such cases. 


service. 


Results of tests on con- 
crete specimens from the Villeneuve-Saint- 
Georges (‘Current Reviews,’”’ ACI JourNat, 
Proc. V. 51, Nov. 1954, p. 301) and other 
projects are cited. 

Author also investigates the effects of the 
dimensions of a prismatic element on the law 
governing the distribution of its resistance, 
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indicates how this problem has been solved 
for the ideally brittle body, and, by analogy 
with a mechanical model, investigates the 
problem for an ideally plastic body, indi- 
cating solutions for certain special cases. This 
paper may well be read after reading the one 
by Julian (see review above). 


Research report (Comptes rendus des 

recherches)—1955, Laboratoire du Ba- 

timent et des Travaux Publics (Paris) 
Reviewed by Epmunp A. Pratt 


Of the 12 items in this report the following 
seven are of interest from the viewpoint of 
concrete design, construction, or testing. 


Experimental teaching of reinforced concrete— 
Ultimate strength design of reinforced concrete 
slabs and plates 
P. Lesetie, Supplement to Annales de l'Institut 
Technique du Batiment et des Travaux Publics (Paris), 
No. 85, Jan. 1955, pp. 1-12 

Part I discusses method of failure of slabs 
and plates under distributed and concen- 
trated loads and presents the “‘pressure cone”’ 
hypothesis as an explanation of many ex- 
Part II 


cusses the application of the “‘stress relief’ 


perimental results obtained. dis- 
theory to the study of some plate problems, 
circular, 
and polygonal plates with different types of 


considering nine cases of square, 


loading and systems of support. 


Experimental teaching of reinforced concrete— 
Ultimate strength design of reinforced concrete 
slabs and plates 


This is a French translation of E. Hog- 
nestad’s paper ‘‘Yield-Line Theory for the 
Ultimate Flexural Strength of Reinforced 
Concrete Slabs,’’ which appeared in the ACI 
JouRNAL, Mar. 1953, Proc. V. 49, pp. 637-656. 


Experimental teaching of reinforced concrete— 
Report of tests 


P. Lene tie and J. Percuat, Supplement to Annales 
de l'Institut Technique du Batiment et des Travaux 
Publics (Paris), No. 86, Feb. 1955, pp. 197-229 


Contains 11 sections dealing with meetings 


and attendance at 1954 session; preparation 
flexural 
tests; tests of eccentrically loaded columns; 
frames of one and two spans; slabs; footings; 
“partition” 
frames. 


of specimens; compression tests; 


beams; bond; and unreinforced 


REVIEWS 719 


Application of radioactive isotopes to the measure- 
ment of density and moisture content of materials 
and soils (Application des isotopes radioactifs 
a la mesure de la densite et de la teneur en eau des 
materiaux et des sols) 
J. Brocarp, Supplement to Annales de l'Institut 
Technique du Batiment et des Travaux Publics (Paris) 
No. 89, May 1955, pp. 428-450 

Part I is a theoretical exposition of atomic 
Part II describes 
applied to (1 
measurement of density and (2) determina- 
Item (1) includes 
description of absorbtion of gamma rays by 


theory and radioactivity. 
practical applications as 
tion of moisture content. 


matter, describes three types of apparatus for 


practical density measurements (including 
use of a probe inserted in a hole in the con- 
crete where large aggregate is used), and 
discusses precision of results, which are said 
to be within 2 percent. In (2) applications of 
radium-beryllium-indium probes, and also a 
probe containing a neutron tube, are de- 
scribed, the latter requiring more compli- 
cated apparatus but permitting considerably 
more rapid determinations. The precision of 


moisture determinations is also reported 


to be of the order of 2 percent. 


Measurement of thermal conductivity of building 
materials (La mesure de la conduction thermique 
des materiaux du batiment) 

A. Pasca., Supplement to Annales de l'Institut Tech- 

nique du Batiment et des Travaux Publics (Paris), No 

90, June 1955, pp. 584-598 

the Centre 
Expérimental for the determination of ther- 


Describes apparatus used in 
mal conductivity of building materials, in- 
that 
plates as small as 17.5 cm (6.9 in.) yield 
without lateral insulation. 
Specimen thicknesses up to 20 cm (7.9 in.) 


cluding concrete. Concludes square 


accurate results 
can be used with lateral insulation. Precision 
of results is said to be of the order of 2 to 3 
percent 


Measurement of compressive strength of concrete 
by the dynamic sonic method (La resistance a la 
compression du beton. Sa mesure par la methode 
d’auscultation dynamique) 
J. CHEFDEVILLE, Supplement to Annales de |'Institut 
Technique du Batiment et des Travaux Publics (Paris), 
No. 91-92, July-Aug. 1955, pp. 740-784 

The introduction describes the tests and 
calculations for determining (1) resonant 
frequency under compression; (2) speed of 
propagation of an elastic wave in a three- 
dimensional body; (3) Poisson’s ratio; (4 
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natural frequency under torsional vibration; 
and (5) the compressive strength of concrete 
cubes. Part A gives results of tests on con- 
crete made with five cements, including a 
slag or clinker cement, a high-early-strength 
cement, and a “super cement.”’ Densities, 
resonant frequencies, speed of wave propaga- 
tion, dynamic modulus of elasticity, Poisson’s 
ratio, and compressive strength are given for 
ages of 3, 7, 14, and 28 days, and for various 
greater ages up to 201 days. Correlation of 
strength with dynamic modulus is shown for 
each series of tests. Tensile and compressive 
strengths of the fresh concrete were deter- 
mined in each case, the former by rupture of 
an extruded specimen under its own weight. 

Part B presents results of 28-day tests of 
concrete designed with systematic 
(deviations) in composition, the “errors” 
being the substitution of pebbles for cement 
in proportions of 10, 20, and 30 percent, both 
plus and minus, with reference to the basic 
design. The author concludes that the dy- 
namic modulus of elasticity measured by the 
method described permits estimation of the 
compressive strength as accurately as do 
compressive tests of cubes, and that the dy- 
namic modulus automatically takes account 
of variations in composition. 


errors 


Measurement of compressive strength of concrete 
by the Schmidt sclerometer (La resistance a la com- 
pression du beton. Sa mesure par le sclerometre 
Schmidt) 


J. CHEFDEVILLE, Supplement to Annales de l'Institut 
Technique du Batiment et des Travaux Public (Paris), 
No. 95, Nov. 1955, pp. 1138-1179 

The introduction describes the Schmidt 
apparatus and its method of use. Five 
series of tests were carried out employing the 
same specimens used for the study of correla- 
tion between dynamic modulus of elasticity 
and compressive strength reported in Supple- 
ments to Annales de |’Institut Technique du 
Batiment et des Travaux Public No. 91-92, 
the sclerometer tests being made just prior 
to crushing the cubes. Individual test re- 
sults, means, and standard deviations are 
tabulated. Graphs show correlation of the 
sclerometer index with dynamic modulus and 
with compressive strength for each of the five 
series of tests and for the mean. Empirical 
equations, based on least-square curve fit- 
tings, are given. The author points out that 
different aggregates give different sclerom- 
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that calibration of the 
apparatus with the aggregates used in the 
concrete under study is essential. 


eter results and 


A supple- 
mentary series of tests was made with speci- 


mens having surface layers of concrete much 
stronger than that of the body of the speci- 
mens. These layers varied in thickness from 
0.5 em (0.2 in.) to 3.0 em (1.2 in.) and the test 
results showed that for thicknesses over about 
1.0 cm (0.4 in.) the weak subsurface concrete 
had but little effect on the sclerometrice index 
obtained, the latter representing primarily 
the quality of the surface layer. 


Practice of plain and reinforced con- 
crete construction (Praxis des Beton- 
und Stahl-Betonbaus) 


G. Karcner and H. Kapen, Franckh’sche 
shandlung, Stuttgart, 232 pp., 34 DM 
teviewed by H. H. Werner 


Verlag- 


A book for the student and practicing 
engineer, based on the German code re- 
quirements for reinforced concrete. General 
properties, materials, forms and designs are 
given with explanations, examples, tables, 
and 


charts. No special new conceptions, 


systems, or applications are treated. 


Statistical distribution of direct com- 
pressive or direct tensile strengths (La 
distribution statistique des résistances 
aux forces de compression ou de 
traction simple) 


Rosert Levi, 7ravaur (Paris), No. 277 


YT , 957 
pp. 539-545 ee 


The author attempts to determine how the 
statistical distribution of the strengths of 
prismatic specimens subjected to uniaxial 
forces varies as a function of the length L 
and the section S. For this purpose he as- 
sumes the properties of the material at each 
point to be characterized by an average 
value, by a numerical constant of hetero- 
geneity a, and by three constants of regu- 
larity }, w, and » in the longitudinal and 
transverse directions. 

By using an uncertainty function », which 
is stationary, continuous, and derivable as 
the field representing the heterogeneity, it is 
possible to predict the general shape of sec- 
tions of least strength. The variation of the 
strength (and of the dispersion thereof) of a 
specimen as a function of its length can like- 
wise be derived from it. 
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No falsework for these forms . . 
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ENGINEERS: Mobile District, PHOTOS: Corps of Engineers 
Corps of Engineers U.S. Army 
S.Army. * 


Jim Woodruff Lock and Dam is located on 
the Apalachicola River near the Florida- 
Georgia state line. This is the initial in- 
stallation of a program to provide a 9 foot 
navigation channel from the Gulf of Mexico 
to Columbus and Bainbridge, Georgia, via 
the Chattahoochee and Flint Rivers respec 
tively. The plan also provides for flood 
control and hydro-electric power. 


ue 


ue 
ee 


Intrusion grouting eases 
construction problems at 


Jim Woodruff Dam 


The Jim Woodruff Lock and Dam Project, recently completed under 
the supervision of the U.S. Army Corps of Engineers, is a typical 
example of how effectively INTRUSION® grout can control sub-surface 
water. Investigation at the dam site indicated a layer of water-bearing 
Tampa limestone under the entire area. Army Engineers determined 


Usable lock area mea 


is 33 feet 


that extensive grouting would be necessary to prevent seepage under 
the dam, to increase load bearing capacities, and to hold excessive 
water out of excavations 

The excavation for the lock was to go 30 feet below normal river 
level. As material was removed to form a cofferdam, the lock area was 
surrounded with a temporary curtain of sanded INTRUSION grout for 
a total perimeter distance of some 2800 lineal feet. Grouting was not 
intended to stop leakage into the cofferdam but only to reduce it to 
a volume that could easily be handled by pumping. When excavation 
exposed the Tampa limestone layer, only minor seepage was evident 
Even when a flood raised the river level another ten feet, the increase 
in water flow was very slight. 

INTRUSION grout was also used under the fixed crest spillway, (large Cofferdem grouting held seepage into lock construction 
photo—left) and the gated spillway and power house, (center) to increase area 0 miniaum. Primary svout holes were drilled ca 20 
load bearing and to seal the permeable limestone. When lock construction foot centers. Secondary holes halfway between primaries 
was completed, a grout curtain was placed around it to minimize showed Intrusion grout had penetrated limestone voids 


uplift pressures for a 10 foot radius around initial holes 


Information on the control of sub-surface water 
by INTRUSION grouting and other unique I-P 
methods can be obtained by contacting I TRUS ON Pp E AKT, C. 
INTRUSION-PREPAKT, INC., 568-K Union Com- p N I x R P IN 
merce Bldg., Cleveland 14, Ohio. In Canada 

INTRUSION-PREPAKT, Ltp., 159 Bay Street, 
Toronto, Ontario 
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On the Cover—Construction history 
in the making on the Berkshire section 
of the New York State Thruway. Piers 
are part of substructure of bridge 
across the Hudson River near Castle- 
ton-on-Hudson, N. Y. Crane lowers 
pier cap form to rest on intermediate 
strut; the crane cables will be removed 
and placed on the near side of the 
pier cap and attached to the form 
again for lowering to a_ trailer. 
Story on p. 8. 

—Photo courtesy Blaw-Knoz 
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peunual Report: 
1957—A Hicu PLATEAU IN 
INSTITUTE OPERATIONS 


ACT in 1957, except for membership gains, nearly duplicated 
1956 results with publication and advertising sales varying only 
slightly. With a net increase in membership of 779 in 1957 
(1057 in 1956) income from dues increased to 50 percent of 
total receipts from 47.5 percent the previous year. Publica- 
tion sales topped 1956 by a few dollars with the 1957 edition 
of the Manual of Standard Practice for Detailing Reinforced 
Concrete Structures and the 1956 Building Code Requirements 


for Reinforced Concrete (ACI 318-56) leading the list of most 


popular publications. The 1957 ACI Directory was distrib- 
uted free to all members requesting it prior to publication. 

The liquidity of Institute finances improved through an 
increase in cash on hand coupled with a reduction in accounts 
receivable for publications sold. The net result of the year’s 
operations was an addition of 3 percent of total receipts to 
reserves for future operations. In 1956, 4.3 percent was 
added to reserves at year end. 

The following statements do not include building fund 
income and expenditures. Receipts of the building fund are 
on p. 6 of this News Letter. 


AMERICAN CONCRETE INSTITUTE 
ASSETS, LIABILITIES, AND RESERVES 


December 31, 1957 


ASSETS 
Cash on hand 
Michigan Bank $ 
Detroit Bank and Trust Cc oO. 
Petty cash 


39,812.83 
12,500.00 
79.12 
$ 52,391.95 
Accounts receivable 
Advertising. . 
Publications. 
Investment in U. 8. Gove rnment 
Bonds at cost value 
American Telephone and 
Telegraph Co. stock 
Real estate. 
Lease deposit. . . 
Furniture and fixtures 
Less reserve for depreciation. . 


2,482.14 
8,314.75 


136,000.00 
340.60 


28,475.50 
3,300.00 


.$ 19,142.85 
—9,536.16 


9,606.69 
Prepaid expenses... . . 343.26 
TOTAL ASSETS.... 


3 


$241,254.89 
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LIABILITIES AND RESERVES 


Accounts payable 


Turner Trust Fund Reserve... . 


Lindau Award Reserve 
Retirement Fund Reserve 


Refunds due customers. ...... 
Reserve for Detailing Manual... . 


$ 13,937.27 
2,893.08 
4,472.46 

51,073.65 


see 789.90 


2,530.48 


$ 75,696.84 


Retained earnings to Dec. 31, 1957 157,494.04* 
Excess income over expenditures, 


TOTAL LIABILITIES AND 


RESERVES......... 


8,064.01 


$165,558.05 


$241,254.89 


*After deduction of $45,920.53 transferred to Building Fund. 


RECEIPTS AND EXPENDITURES—1957 


RECEIPTS 
Membership dues 
Membership certificates. . 
Publication sales 
Advertising sales. 
Interest... . 
Sales tax. 
Miscellaneous 


. $136,592.31 
323.50 
107,300.20 
25,013.18 
2,676.10 

3.00 

522.67 


TOTAL INCOME . .$272,430.96 


Percent of receipts added to reserves... . 


PCA announces directors, new 
appointments 

The Portland Cement Association, Chicago, 
has announced the election of four new mem- 
bers to its board of directors: Eugene D. Hill, 
Louisville Cement Co., Louisville; C. T. 
Fuller, Allentown Portland Cement Co., 
Allentown, Pa.; B. B. Pelly, Olympic Port- 
land Cement Co., Ltd., Seattle; and L. T. 
Welshans, Standard Portland Cement Divi- 
sion, Diamond Alkali Co., Cleveland. George 
E. Warren, elected last year for a 2-year 
term, will continue as chairman of the board 
of directors. 


EXPENDITURES 
Personnel... . 
Member service (including 
SOURMAL). «ooo cv cccc's 
Publications (other than 
JOURNAL). .....3.... 
Advertising expense. . . 
Office operation... .. 
External activities 
Building operation. . . 


§ 90,949.64 
70,352.44 


48,875.85 
14,426.24 
21,578.72 
11,876.20 
7,600.00 
$265,658.72 
Less discount earned....... —1,291.77 
NET EXPENDITURES. . .$264,366.95 
..$ 8,064.01 
2.96 


Thomas E. Long, who joined PCA in 1947, 
has been appointed assistant to the vice- 
president for promotion. 

J. L. Schneider, assistant secretary since 
1952, has been appointed secretary of the 
association. 

Two other appointments have been an- 
nounced: Maurice L. Burgener becomes 
manager of the Farm Bureau of the Portland 
Cement Association, succeeding Mr. Long; 
E. P. Sellner has been named manager of the 
Conservation Bureau of the association, suc- 
ceeding Ezra Wenger, who has retired after 
24 years with PCA. 





NEWS LETTER 


ASCE sessions in Chicago concurrent with 
AC! 54th annual convention 


Tue AMeRICAN Socrety or Crvin Enat- 
NEERS will hold its Chicago convention at 
the Sherman Hotel, Feb. 24-28, at the same 
ACI’s 54th annual convention is in 
at the Morrison Hotel blocks 
Joint social and technical activities 
Institute and 
ASCE, with complete program for the joint 


time 
session two 
away. 
have been planned by the 


structural design session Wednesday after- 
noon, February 26, announced in the Decem- 
A number 
than the 
interest 


ber and January News Letters. 
of ASCE other 
activities, will be of 
to ACI members. 


Sessions, 


joint 
considerable 


Civil engineering in nuclear reactor 
design 

The Tuesday afternoon program of the 
ASCE structural division will 
tural aspects of nuclear reactor design, with 
general considerations presented by John F. 
Stolz, North American Aviation, Inc., Canoga 
Park, Calif. 
nuclear power plants is the topic to be 
handled by John Zickel, General Electric 
Co., San Jose, Calif. A paper by B. John 
Garrick, Holmes and Narver, Inc., Los 
Angeles, will deal with problems in construc- 
tion of radiation barriers in a reactor plant, 
and Gibson Morris of the Oak Ridge National 
Laboratory, Oak Ridge, Tenn., will cover 
construction techniques and design considera- 


cover struc- 


Stress analysis in the design of 


tions for nuclear reactors. 

The power division session on the after- 
noon of February 26 has scheduled “Civil 
Engineering Aspects of the Dresden Nuclear 
Power Plant,” by Joseph E. Love and Chester 
S. Darrow, both of General Electric Co., 
San Jose, Calif., and Burr H. Randolph, 
Bechtel Corp., San Francisco. 


Road tests 

The highway division meeting Thursday 
afternoon, February 27, will open with a 
talk on history and significance of road tests 
by E. A. Finney, Michigan State Highway 
Department, East Lansing. Large scale 
highway research on the AASHO road test 


will be treated by W. B. McKendrick, Jr., 
and William N. Carey, both of the AASHO 
Road Test Project at Ottawa, Ill., in two 
separate Childs, Portland 
Cement Association, Chicago, and J. W. 
Kapernick, Miller-Warden Associates, Chi- 
cago, will report tests on open-graded sand 


papers. L. D. 


and gravel subbases for concrete pavement. 


Engineering mechanics 

The engineering mechanics session Mon- 
day morning, February 24, will offer ‘The 
Strength of Very Slender Beams,” by E. F. 
Masur, University of Michigan, Ann Arbor. 
A second paper, by J. W. Clark and A. H. 
Knoll, both of ; 


Aluminum Company of 





REVIEWER NEEDED 
Beton i Zhelezobeton 


Concrete and Reinforced Concrete 
is the English title of this monthly 
magazine in Russian. A volunteer 
reviewer is needed. 

Those interested should write the 
Secretary of the Technical Activities 
Committee at ACI headquarters. 











America, New Kensington, Pa., covers the 
effect of lateral 


strength. §S. L. Lee, Northwestern Univer- 


deflection on buckling 
sity, Evanston, IIl., will speak on the analysis 
of continuous beams by Fourier series, follow- 
ing which ‘‘Matrix Analysis of Beam Stresses 
and Flexibility’ will be presented by R. W. 
Clough, University of California, Berkeley. 
Resurfacing airfields 
William G. Westall, 
Association, Chicago, 


Portland Cement 
will speak on thin 
bonded concrete resurfacing for concrete air- 
fields pavements at a meeting of the air 
transport division Tuesday morning, Feb- 
ruary 25. 


Electronic computers on display 
Nathan M. Newmark, University of Illi- 

nois, Urbana, will preside at a session devoted 

to electronic computation Monday afternoon, 





6 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


February 24. Characteristics of electronic 
computers, their use as engineering tools, 
and particular applications in highway engi- 
neering operations are among the topics to 
be covered. 

Five firms supplying electronic computer 
equipment will display and demonstrate 
“small” engineering computers Monday 
through Thursday in the Old Chicago Room 
at the Sherman Hotel. 


Social events 

An ACI-ASCE “Get Acquainted Party” 
is slated for Monday evening, February 24, 
with several alumni dinners planned im- 
mediately following. Graduates of Cornell 
University, University of -Illinois, North- 
western University, and Purdue University 
are among those scheduling individual gather- 
ings. The ASCE-ACI dinner dance (an- 
nounced in January News Letter, p. 3) will 
be held Wednesday evening, February 26, 
in the grand ballroom of the Sherman Hotel. 





Nuclear science and engineering 
discussions 


Tentative program of the Nuclear Engi- 
neering and Science Conference of the 1958 
Nuclear Congress to be held at the Inter- 
national Amphitheatre, Chicago, Mar. 17-21, 
1958, has been announced. The congress, 
coordinated by the Engineers’ Joint Council, 
is sponsored by the American Nuclear Society 
in cooperation with more than 30 national 
engineering and scientific societies. 

The session on reactor shielding and con- 
tainment will include a paper by Harold 8. 
Davis on thermal considerations in the 
design of concrete structures for shielding 
atomic power plants. Joseph E. Love, 
Chester 8. Darrow, and Burr H. Randolph 
will present civil engineering aspects of the 
Dresden Nuclear Power Station (see also 
the report on ASCE convention papers, p. 5). 

Reactor shield calculations will be covered 
by W. E. Edwards at the same session, and 
shielding for aircraft nuclear reactors is the 
topic of F. A. Aschenbrenner. ‘Design of 
ERB-II Primary Tank Support Structure” 
is the paper to be presented by R. W. Seiden- 
sticker and 8S. H. Fistedis, and G. Sege will 
offer information on containment vessel de- 
sign for the Dresden Nuclear Power Station. 


February 1958 


Bates appointed building 
committee chairman 


A. Allan Bates, vice-president for research 
and development, Portland Cement Associa- 
tion, Chicago, has been named chairman of 
the ACI Building Committee, succeeding the 
late Henry L. Kennedy. The Building Com- 
mittee has begun plans for the dedication of 
ACI’s new headquarters building in conjunc- 
tion with the 1958 Regional Meeting of the 
Institute to be held in Detroit next October. 

Most recent report on the committee’s 
fund raising activities shows the following 
contributions to the ACI Building Fund by 
categories, as of Dee. 31, 1957. 


Cement producers........ $ 74,852.00 
Reinforcing steel industry 40,000.00 
Engineers and architects in 
private practice... 
Contractors. ... 


34,176.22 
; 19,445.00 
Ready-mixed concrete and 
aggregate industry. . 
Membership at large 
Admixtures manufacturers 
Concrete machinery and 
specialty products... 
Concrete products 
manufacturers. .... 2,570.00 
Special contributions... .. 1,766.43 
Eastern Canada 1,496.90 


12,548.87 
8,946.36 
7,458.93 


3,585.00 


$206,845.71 
4,740.00 
$211,585.71 


Pledges in hand 
GRAND TOTAL 





American Concrete Pipe 
Association 50th anniversary 

Organized in January, 1907, at a meeting 
of concrete drain tile manufacturers in Ames, 
Iowa, the American Concrete Pipe Associa- 
tion will celebrate the completion of 50 years 
of operation at its forthcoming 50th annual 
convention to be held in the Roosevelt Hotel, 
New Orleans, Mar. 12-15, 1958. 

President Carl A. Bluedorn, who heads 
Zeidler Concrete Products Co., Waterloo, 
Iowa, will preside at this meeting. Details 
of the gonvention are being handled by 
Howard F. Peckworth, managing director of 
the association, and Claude J. Kelly, chair- 
man of the committee on the 50th anniversary 
of the association. 
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NO WINTER SLOW-DOWN HERE 
COLUMBIA CALCIUM CHLORIDE gives high early strength days faster 
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AVERAGE OF HIGH EARLY STRENGTH 4 0 t 
With Ca Clp Without Co Clo-—m—= 


AVERAGE OF STANDARD PORTLAND 
With Ca Clp ——— Without Ca Clo---- 
































Compressive Strength -Lbs./Sq. inch 


























3 
AGE IN DAYS 





The American Concrete Institute now recommends 
the addition of calcium chloride for cold weather 
concreting. (ACI Standard ‘‘Recommended Practice 
for Winter Concreting.”’) These benefits have been 
proved, on jobsite after jobsite: initial and final set 
achieved up to three times faster, quicker early entcruen aeaoetaee 
strength, greater ultimate strength. Finishing goes eee CHLORI 
faster, forms can be pulled days earlier, contractor 
profit increases. : 
Let our Columbia Calcium Chloride engineers help Columbia Calcium Chloride is avail- 
ou save money on your concret ork this seaso able in both High Test Floke (94- 
y tte cy y¢ bas c acre um is season. 97% CaCl2 content) and Regular 
For their assistance, just write today to Calcium Flake (77-80% CaCl). One 80 Ib. 
Chloride Department at our Pittsburgh address, or 29 of High Test delivers the same 
f f ie , ood, ly located Distric results as one 100 Ib. bag of Regu- 
to any of our fourteen conveniently located District lar. Both add easily at suppliers’ 
es ces. ants or right at the jobsite. 
Sales Off pl ight at the jobsi 


- 














COLUMBIA-SOUTHERN 
CHEMICAL CORPORATION 


SUBSIDIARY OF PITTSBURGH PLATE GLASS “OMPANY 


ONE GATEWAY CENTER: PITTSBURGH 22- PENNSYLVANIA 


DISTRICT OFFICES: Cincinnati * Charlotte * Chicago © Cleveland © Boston 
New York © St. Louis © Minneapolis © New Orleans * Dallas * Houston ® Pittsburgh 
Philadelphia ¢ San Francisco 
IN CANADA: Standard Chemical Limited ond its Commercial Chemicals Division 
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Pier cap forms rest 
on completed piers 


Support without Falsework 


SPECIALLY DESIGNED STEEL FORMS make it possible to support more than 300 tons of form 
and concrete high in the air without falsework. The load is carried by the completed portion 
of the concrete structure below. The forms are now being used for a new bridge on the Berk- 
shire section of the New York State Thruway crossing the Hudson River below Castleton-on- 
Hudson, N. Y. 

The four-lane, high level bridge is approximately 1 mile long. Its substructure consists of 42 
pairs of circular concrete piers varying in diameter from 5 to 141% ft. The pier bents are 
spaced 9714 ft apart with the exception of three central spans of 420, 600, and 420 ft which 
cross the river. All piers, except five short ones near each end, are tied with an intermediate 
concrete strut at the 60-ft level and a pier cap. Length of the strut and pier cap is 48 ft be- 
tween 8 ft diameter piers, and 64 ft over-all. 

The columns, which range in height to 135 ft require 320 lineal ft of 8 ft diameter steel 
forms, fabricated in 5 ft long half-circle segments. Concreting in 20-ft lifts, the contractor has 
sufficient forms to keep four sets of 8-ft piers in process constantly, There are 40 lineal ft 

of 1414-ft circular forms for river piers and 

20 ft of 14-ft forms for anchor piers. With 

Winter overcoat... some 7000 sorrogadn of columns my cast, the 
column ‘‘cans’”’ will receive nearly 20 re-uses. 

To form the cross members three pier cap 

This column has been wrapped to main- forms and four intermediate strut forms, 
tain safe concrete temperature during plus special circular sections for holding the 
winter construction operations on New _ strut and pier cap forms in place, are being 
York State Thruway bridge substructure used. Both strut and pier cap forms are 
substantial in size. Strut forms vary from 

3% x 6 ft on the 8ft piers to 6 x 10 ft on 

the 1414-ft piers. Pier caps vary from 5 x 9 

ft on 8-ft piers to 8144 x 141% on the 14),-ft 

piers. The forms are designed in such a way 

that three 5 x 9-ft pier cap forms can be 

made into two 81% x 141%-ft pier cap forms. 

Similarly the smaller strut forms can be 

modified to make the larger strut forms. 


Pier foundations 


The pier foundations, generally 20 x 40 x 
8 ft, rest on 14-in. pipe piles, eight battered 
and six plumb. After the piles are driven 
they are jetted, reinforced, and cast. The 
initial column placement is keyed to the 
footer, and all subsequent placements of 
concrete are keyed to the one preceding. 

Working up from the foundation, the 


contractor handles his column form in full 
circular sections which consist of two 180- 





NEWS 


The 20 ft long form units are 
crane. 


degree panels. 
placed by 
between piers keeps the distance uniform 
Once the bolts which 
connect the column form halves are tightened 
no further support is required. 


A special truss placed 


and the work plumb. 


As the forms are moved up, the form base 
rests on bolts which have been cast into the 
column on the previous lift. Since the height 
of the intermediate strut and pier cap are 
critical, special attention must be given to 
placement of guide bolts. 

On the last placement before casting the 
intermediate 5-ft 
differing from the others is used. 
blocks which are integral parts of the form 
in. into the 
Anchor bolts 11% in. 
are inserted through the blocks before con- 


strut, a length of form 


Bearing 


> 


protrude 3 concrete during 


casting. in diameter 
crete placement for additional support. When 
the beam form is put in place between the 
columns, the sides act both as a form and a 
girder. 


Bearing block angle 

The bearing blocks, which are left in place 
with the form panels to which they are at- 
tached when the strut concrete is placed, 
transmit the vertical shear to the columns. 
The anchor bolts absorb the resulting hori- 
zontal thrust. 

The angle at the bottom of the bearing 
blocks is critical, according to H. P. Cerutti, 
manager and chief engineer of the steel forms 
department of Blaw-Knox Co., Pittsburgh, 
If it 
right angles to the column, for 


supplier of the forms. were set in a 
plane at 
example, it would transmit a true vertical 
shear to the face concrete. For that reason 
it is beveled at a proven angle in order to 
transmit the proper bearing and shear con- 
The top side of the bearing block is 


45 deg 


dition. 


beveled for easier 


stripping. 


approximately 


With this arrangement on the 8 ft diameter 
1214-ton strut 
a total of 
Similarly sup- 


columns the weight of the 
form and 65 cu yd of concrete 
some 131 tons—is supported. 
ported are the 2014-ton pier cap forms and 
118 cu yd of concrete, totaling some 239 
On the 141%-ft columns, 468 cu yd of 
concrete will be placed in pier cap forms 
weighing correspondingly more, and they are 
supported in the same manner. 


tons. 
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which tie the 
loosened. <A 
the 
a unit with a 


To strip strut forms, bolts 
side panels to the floor are 
special strongback permits lowering 
entire form to the ground in 
The pier cap form strips in the 

but to the 


rests while the crane unhooks so 


single crane. 
manner, 
where it 


same is lowered strut 


Continued on p. 32 


Perspective ... 


Comparative size of columns and cage— 
spiral cages are 7'2 ft in diameter; 
columns in background are 8 ft in dia- 
meter, 135 ft high. Crane is placing 
concrete at the top of the column form 
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pas THE 5 TYPES 
t | ! | | p P if R (| OF RAYMOND PILES SHOWN 
... from left to right 
= STANDARD - STEP-TAPER 
f h ~ b ] PIPE STEP-TAPER 
0 [ { e |o 4 WOOD COMPOSITE + CAISSON 


REGARDLESS of the subsoil 


conditions there’s a Raymond 
Pile specifically designed to do 
the job safely and economically. 
The Standard Pile with its 
heavy taper is ideal as a friction 
pile. The Step-Taper Pile is 
used where it is desirable for 
the pile to reach a hard stratum 
at a considerable depth. The 
Pipe Step-Taper Pile is used 
where piles of great length are 
required. Wood Composite Piles 
combine the advantage of 

the permanence of concrete piles 
with the low cost of wood 
piles. Raymond Gow Caissons 
are efficient and economical 

for supporting heavy 


concentrated loads under certain 


omni ee 
pomttennvt ct anette TROY NROINNREORRR RR OREN ARORA AMARA LEA 


soil conditions 


NOMOND Sanaa 


for the structures of America. . . 
CONCRETE PILE CO. 


140 CEDAR ST. « NEW YORK 6, N. Y. 
Branch Offices in Principal Cities 


of the United States, y : Services Abroad 
Central and South America 
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Construction volume surpasses $65 billion in 1957; 
1958 potential estimated at $68 billion 


Construction activity in 1957 broke dollar 
volume records for the 12th 
year, reaching a grand total of more than 
$65 billion, and a potential market of up to 
$68 billion exists for 1958, to be sparked by 
rising highway construction and a recovery 
in residential activity, the Associated General 
Contractors of America said in its annual 
review and outlook statement. The 1957 
total of approximately $65.2 billion per- 
formed in the continental United States con- 
sisted of $47.2 billion in new construction and 


consecutive 


about $18 billion in maintenance and repairs, 
for an increase of 3 percent over 1956. 

In reaching the 1957 total, construction 
maintained its postwar role as the nation’s 
largest single production activity, represent- 
ing 15 percent of the gross national product 
and accounting directly and indirectly for 
more than 15 percent of the country’s gainful 
employment. 

The AGC divided its estimate of potential 
1958 volume into $49 billion for new con- 
struction and $19 billion in maintenance and 
repair operations. The total, featured by a 
spurt in highway work, a slight increase in 


residential, a continuing high volume in all 
private nonresidential activity except in- 
dustrial, and mounting state and local public 
works, would represent a 4 percent increase 
over the 1957 figure. 

Such a performance could serve as a major 
stabilizer in the economy while adjustments 
are made in other business lines, as in the 


general business slowdowns of 1949 and 1954. 


Basic assumptions cited 

The outlook for $68 billion in total con- 
struction this year, based on official govern- 
ment estimates and authoritative private 
sources, involves the following assumptions: 

That plant and equipment expenditures 
by business will drop no more than 10 per- 
cent, as early estimates indicate; that any 
general business decline will be mild and 
brief, and that credit conditions will improve. 

It also was based on assumptions of a 
tendency of construction costs to stabilize 
or rise more slowly; of plentiful materials, 
structural 
major work stoppages; no 
federal 


especially steel; no prolonged 


curtailment of 
and that 


construction programs; 


Courtesy Associated General Contractors of America 
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worsening international conditions will not 
seriously affect construction in the continental 
United States. 


Review of 1957 construction 

in 1957 continued 
along the high plateau of 1956 upon which 
it was thrust by the spectacular activity of 
1955. While new dollar volume increased 
a modest 2 percent over that of 1956, the 
rise again was more than offset by an increase 
in construction costs. 


Construction volume 


The year’s construction activity was fea- 
tured by new peaks in private industrial and 
public utility facilities, stabilized commerical 
construction at a high level, a strong volume 
of state and local public works, and a con- 
tinued decline in private residential activity 
which showed indications of a recovery by 
the end of the year. 

The summer cement strike, which seriously 
delayed many projects in the eastern and 
Gulf Coast states, had little effect on the 
over-all construction picture. The long- 
range highway program slowly gained mo- 
mentum as many states concentrated on the 
necessary planning, engineering, and right- 


No more algebraic formu- 
las or calculations to make. 
Simply locate the table 
covering the member you 
are designing, apply span 
and load requirements, and 
then read off directly con- 
crete dimensions and rein- 
forcing steel data. Follows 
the latest codes and prac- 
tices. Send check or 
money order for your copy, 
today. 


Prepared by The Committee 
on Engineering Practice 
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of-way acquisition; by year’s end the situa- 
tion was ready for the first big surge of actual 
construction under the impetus of the Federal- 
Aid Highway Act of 1956. 


Benedict becomes president of 
Master Builders 

Election of Stephen W. Benedict as president 
of The Master Builders Co., Cleveland, and 
vice-chairman of the board of directors of 
Master Builders Co., Ltd., of Canada, has 
been announced. Edwin L. McFalls, retiring 
president, will remain with the company as 
marketing consultant. 

Other William B 
Phillips, promoted to executive vice-presi- 


advancements were 
dent; Robert G. Ahrens to vice-president and 
comptroller; and Lane Knight to president 
of The Master Builders Co., Ltd., Canada. 

A former materials engineer with the 
National Bureau of Standards, Mr. Benedict 
joined Master Builders in 1948 as director of 
research and became vice-president for re- 
search and engineering in 1955. In 1956 he 
elected the 


position he held until his present appointment 


was executive vice-president, 


NEW EDITION! 


Completely revised to conform to the recently 
amended A. C. |. BUILDING CODE 


REINFORCED CONCRETE 
DESIGNS — 
ALL WORKED OUT! 


CRS/ 
DESIGN HANDB 
Revised 1957 


Ee 


YK 


OVER 450 PAGES 


POSTPAID ances Row orcas Siti: I 


10-Day, Money-Back Guarantee 
No C.O.D. Orders 


CONCRETE REINFORCING STEEL INSTITUTE 


38 S. Dearborn St., (Div. J) Chicago 3, Illinois 
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Fuller-Kinyon System 
unloads cars... 
conveys to barges... 


unloads barges for 
Lehigh Valley Railroad 


_—s 


Hoses being placed in hatches . = 
of barge. Cement car in shed — a! , 
over pumps in pit. . - . : 



































Unloader behind bulkhead in end of 
barge. 


Fuller-Kinyon Pumps in pit underneath car. 


Bulk-cement handling by the Lehigh Valley Railroad at its Jersey City terminal is speeded 
up by the Fuller-Kinyon System. Fuller-Kinyon Pumps convey from cars to barge and 
Fuller-Kinyon Remote-Control Unloaders convey from barge to storage at various points 
in New York Harbor . . . speedy, efficient, time-saving handling from time cars arrive 
until final delivery to consumer. 

Two stationary pumps in pit underneath car, convey through two lines to barge at 
rate of 900 to 1000 bbl. an hour. Unloading barge is accomplished at rate of 150 bbl. an 
hour. One man operates and controls all movements of the Unloader by a flexible-electrical 
cable and hand-control switch, wherever cement is to be picked up in the barge. 

Air for the two stationary pumps is supplied by two Fuller Rotary Compressors, 
installed on the pier adjacent to the car-unloading station, at 614 c.f.m., 12-lb. pressure. 
Air for the Unloader is furnished by consumer’s plant at destination. 

Write for Bulletin FK-27, illustrating and describing this very interesting plant 
operation. 


FULLER COMPANY 


116 Bridge Street Catasauqua, Pa. 
GENERAL AMERICAN TRANSPORTATION CORPORATION SUBSIDIARY 


Chicago « San Francisco . Los Angeles . Seattle . Birmingham 
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Positions and Projects 





Minasian appointed to ACI Com- 
mittee 335 


K. Minasian, structural 
Los Angeles, has accepted appointment to 
membership on ACI Committee 335, Deflec- 
tion of Concrete Building Structures. 


John engineer, 


Oklahoma State University 
sponsors concrete conference 

The school of civil engineering, Oklahoma 
State University, in cooperation with engi- 
neering and industrial extension, conducted 
the Eighth Annual Southwest Concrete Con- 
ference,. January 23-24, at Stillwater, Okla. 
The conference, directed by ACI member 
R. P. Witt and J. W. Comer, both civil 
engineering professors at the university, was 
presented in cooperation with ACI, Okla- 
homa Ready-Mix Concrete Association, Port- 
land Cement Association, and the concrete 
industry of the Southwest. 

Walter H. Price, ACI president, addressed 
the meeting on “Factors Influencing the 
Strength of Concrete.’”’ Other ACI members 
participating in the program included Dutton 
Biggs, Portland Cement Association, Kansas 
City, Mo., who spoke on concrete roofs for 
modern structures; Truman R. Jones, Jr., 
Texas A & M College, College Station, Tex., 
based his talk on batch design, control, and 
field practice for lightweight concrete; and 
J. C. Brown, chief engineer, Harter-Marble- 
crete Stone Co., Oklahoma City, participated 
in a panel discussion on concreting problems. 


Third international prestressed 
concrete congress 


The third congress of the Fédération 
Internationale de la Précontrainte will be 
held in Berlin, May 5-10, 1958, in the Benja- 
min Franklin Congress Hall. ACI member 
H. Riisch, professor at the Technical Uni- 
versity of Munich, will preside at the first 
working session devoted to developments in 
design methods. 


Progress in on-the-site prestressing tech- 
niques will be covered at another session, 


with special emphasis on grouting, anchor- 
ages, friction reduction, and safety precau- 
tions. A third session will deal with manu- 
facture of mass-produced precast prestressed 
units and their assembly on the job. Brief 
papers on outstanding prestressed structures 
completed since the 1955 congress will also 
be presented. 


In addition to the technical 
scheduled visits to construction sites include 


sessions, 


several prestressed concrete bridges, cycle 
racing track with 1/3-km roadway of pre- 
stressed construction, a sewage purification 
plant with eight prestressed sludge tanks, 
and the Berlin underground railway. 


The organization of the congress is being 
undertaken on behalf of the administrative 
council of FIP by the German Organizing 
Committee (Deutscher Organisations-Auss- 
chuss) with offices at the Deutscher Beton- 
Verein, 61 Bahnhofstrasse, Wiesbaden. 


Admiral Peltier to head Budocks 


With the appointment to the post of Chief 
of the Navy’s Bureau of Yards and Docks, 
Captain Eugene J. Pel- 
tier, former command- 
ing officer of the Naval 
Construction Battal- 
ion Center, Port Hue- 
neme, Calif., was ele- 
vated to the rank of 
Rear Admiral. He 
has received a recess 
appointment from 
President Eisenhower 
to succeed Rear Ad- 
miral Robert H. Meade, who retired Decem- 
ber 1, after 31 years of active duty. 


The new bureau chief is a civil engineering 
graduate of Kansas State College. Before 
being called to active duty by the Navy 
Department in 1940, he was employed as a 
resident engineer by the Kansas Highway 
Commission. Admiral Peltier joined the 
Institute in 1952 and is a member of ACI 
Committee 613, Recommended Practice for 
Proportioning Concrete Mixes. 
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FIELD PROVEN ECONOMY 


in all phases of Concrete Placement! 


PROTEX Dispersing Agent... 


PDA increases strength at any age through water reduction and 
cement dispersion, improving ali the desirable characteristics of 
concrete, giving a “live” concrete with protection against “hot 
weather" slump loss and segregation—allows the placing of con- 
trolled durable air entrained concrete without plastic shrinkage 
cracks. PDA is a selective initial retarder—retarding only the initial 
set of concrete for extended vibration and finishing time (not 
delaying form stripping time) YET it gives no retardation in winter 
concreting — thus year around benefits are obtained with “all 
season” PDA. 


PDA ... packaged in « durable bag . . . comes to Proven, Dependable, Adaptable 

ou in convenient powder form .. . easily mixed and : . 

-oetielbe » we eetaple -Capebiing seeiellattens pene Proven in the field . . . PDA insures the successful 

able upon request. and economical placement of better quality 
concrete! 
Dependable—YES! Proof positive from Govern- 
ment and private projects. Also backed by the 
world-known and world-respected PROTEX name! 
Adaptable to any need... PDA improves any 
Pre-stressed, Slip-form, Light-weight, Tunnel- 
lining, Tilt-op or Lift-slab concrete project! 
PDA's basic material is purified and desugared 
having been field tested and proven over past 
years giving you all the well known benefits — 
greatest water reduction — cement dispersion — 
maximum workability and durability — plus 
PROTEX economy and reliability. 


FOR BETTER AND MORE ECONOMICAL PLACEMENT OF CONCRETE, 
SPECIFY AND USE PDA... FROM THE MAKERS OF PROTEX! 


| Please send new, informative FREE booklet "PDA - Protex 

P Di i e 

This is the Breed Plant of the Indiana-Michigan Electric wine ditiaad 
Company at Sullivan, Indiana, where over 55,000 cu Firm tame 
yds of concrete with PDA are being successfully placed. . ‘ag 


Attention of 
AUTOLENE LUBRICANTS COMPANY [am 


industrial & Research Division City. 


1331 WEST EVANS AVENUE DENVER 9, COLORADO 


STM. Reg. 
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“I notice that the Atomic Energy “Yes, and it seems to me that 
Commission suggests that Mass this combination can be ideally 
and Strength are the essential effected by the use of concrete 
requisites in the design of blast for mass and rail steel reinfor- 
resisting structures.” cing bars for strength.” 


an ae 


In the recent publication of the Atomic Energy Com- 
mission entitled ‘“The Effects of Nuclear Weapons,” 
two statements seem to epitomize their point of view 
on design of structures to resist bomb blasts. 


“A heavy structure will usually withstand the action 
of blast better than one that is less massive . . . Blast 
damage can be reduced by increasing the strength of a 
structure, particularly against lateral forces.” 


A concrete structure reinforced with steel appears to fit 
perfectly into this design concept of mass plus strength. 
Naturally, the stronger the steel reinforcement, ,the 
greater the strength of the combination of concrete and 
steel to resist the lateral forces from nuclear weapons. 
And Rail Steel reinforcing bars provide this high 
strength with guaranteed minimum tensile strength of 
50,000 psi (average actual yields of 67,500 psi.) 


To see for yourself how Rail Steel actually performs 
when suddenly subjected to blast conditions, plan a 
showing of the new 15-minute, 16 mm motion picture, 
“Destructive Impulse Loads’, in color and sound and 
with many sequences in slow motion. To arrange for 
loan of this film, write or phone 


RAIL STEEL BAR ASSOCIATION 


38 S. Dearborn Street, Chicago 3, Illinois Phone: FRanklin 2-2873 
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Sixteen bays, 40 x 40 ft, roofed with intersecting concrete shells comprise the ware- 
house section of Parke-Davis and Co.'s proposed office-warehouse building in Menlo 
Park, Calif. The roof requires only six interior supporting columns; both interior and 
peripheral columns are of precast concrete. 


The structure will perch 4 ft above the ground on a concrete podium almost the size 

of a football field. Exterior wall panels of precast concrete are topped by windows 

framed in galvanized steel! sash which follow the curvature of the roof shells. Offices 

and employee lounges and dining area are beneath the flat concrete roof (center). 

Architectural design by Minoru Yamasaki of Yamasaki Leinweber and Associates, 

Birmingham, Mich. Structural design was prepared by Ammann and Whitney, New 
York and Milwaukee. Knorr-Elliott serve as resident architects. 


Sika announces appointments 


Emil Schmid has been appointed president 
of Sika Chemical Corp., Passaic, N. J. Dr. 
Schmid was educated at 
Institute of Technology. 


the Swiss Federal 
Sika in 
was to set up 
In 1937 
he was transferred to Passaic where he be- 


Joining 
1934, his first assignment 
manufacturing operations in Japan. 


came general manager and established manu- 
facturing operations in the United States. 
Dr. Schmid 
president, and executive vice- 
president. A member of ACI Committee 
605, Hot Weather Concreting, he joined the 
Institute in 1942. 

Sika has also announced the appointment 
of Emil Spinden as vice-president. Mr. 
Spinden joined Sika in 1932 and has served 
as chief engineer since 1945. 


has subsequently been vice- 


director, 


University of Minnesota conducts 
conferences 

The University of Minnesota conducted 
its seventh annual concrete conference Dec. 
16, 1957, followed December 17 by a second 
conference devoted to ultimate strength de- 
sign. More than 200 engineers, architects, 
contractors, and concrete suppliers attended. 

Among ACI members participating in the 
program for the concrete conference were: 
Mario G. Salvadori, Columbia University, 
New York, who spoke on ‘‘The Science and 
Art of Concrete; and Norbert R. Soukup, 
Prestressed Concrete, Inc., St. Paul, who 
discussed pretensioned structural members. 
T. W. Thomas, University of Minnesota, 
presided at the luncheon, with L. P. Zim- 
merman, commissioner of highways, Minne- 
sota State Highway Department, St. Paul, 
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BEAM DATA 
Depth, 21’’; Width, 36’’; Spon Length, 40’ 4”’ 
Designed for H20-S 16-44 highway load 
Manufactured by 
MISSOURI PRES-CRETE, INC. 


Overland, Missouri 


LACLEDE REINFORCING STEELS 
strengthen PRESTRESSED concrete 


Laclede quality welded wire fabric is shown being placed as the outer 
reinforcement in the forms, prior to the pouring of prestressed concrete 
girders at Missouri Pres-Crete, Inc. in Overland, Mo. 

Girders, joists and columns manufactured here for highway bridge con- 
struction, roof and floor supports, permit faster erection in the field at 
lower cost—while offering greater architectural flexibility and lower sub- 
sequent maintenance cost for wide span, heavy load structures. 


Laclede Reinforcing Steeis for prestressed and precast concrete members: 


multi-rib deformed reinforcing bars welded wire fabric 
prefabricated joist reinforcement high strength wire 











, 
LACLEDE) | ACLEDE STEEL COMPANY 


SAINT LOUIS, MISSOURI 
Producers of Steel for Industry and Construction 
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appearing as guest speaker. Mr. Zimmerman 
commented on future concrete needs for 
Minnesota’s portion of the interstate high- 
ways. At the symposium on construction, 
Paul Rice, technical director, American Con- 
crete Institute, Detroit, covered accelerators 
and retarders; John H. Banker, Portland 
Cement Association, Chicago, spoke on floors 
and finishing, and Norman Henning, Twin 
City Testing and Engineering Laboratory, 
St. Paul, discussed air entrainment. 

The conference was conducted with the 
cooperation of ACI, Portland Cement Asso- 
ciation, Associated General Contractors of 
Minnesota, Northwest Section of the Ameri- 
can Society of Civil Engineers, Minnesota 
Society of Architects, North Central Com- 
mercial Aggregate and Ready Mixed Con- 
crete Producers Association, and the Minne- 
sota Society of Professional Engineers. 

The ultimate design conference on Decem- 
ber 17, offered primarily for structural engi- 
neers, was conducted by the civil engineering 
department of the University of Minnesota 
in cooperation with the Portland Cement 
Association. ACI members participating in 
the program included Leo H. Corning, whose 
topic “Why Design by Ultimate 
Strength.” Richard C. Elstner 
confirmation of inelastic stress distribution; 
and Alfred L. Parme, pointed out “Practical 
Aspects of Ultimate Strength-Design.” All 
three men are with the Portland Cement 
Association, Chicago. Fred R. McComb, 
PCA, Minneapolis, presented closing remarks 
on this institute conducted for the purpose 
of reviewing the history, basic relationships, 
and the simplification of design by the ulti- 
mate strength methe'i. 


was 
discussed 


Atkins joins PCA Fellowship staff 


J. H. Atkins has joined the staff of the 
Portland Cement Association Fellowship at 
the National Bureau of Standards. He comes 
from the Westinghouse Atomic Power Divi- 
sion, and will do fundamental research on the 
physical chemistry of hydrous silicates. 


Boduroff and Meheen organize 


L. Boduroff and Associates, consulting 
engineers, Englewood, Colo., announce that 
H. Joe Meheen, formerly structural design 
engineer for the City of Denver, has joined 


this organization as a partner. The new 
partnership will be known as Boduroff and 
Meheen, Consulting Engineers. 


ERATE 
Warren G. Brown 


Warren G. Brown, research director for 
Western Waterproofing Co., Detroit, died 
Nov. 2, 1957. 

Mr. Brown was born in Kampeska, S. D., 
in 1882; in 1914 he became a superintendent 
of construction for Smith, Hinchman and 
Grylls in Detroit, where he was in charge of a 
number of major Detroit area jobs. In 1932 
he became a consultant with Western Water- 
proofing Co., where he 
patented various 


developed and 

waterproofing 
techniques, materials, and equipment. He 
was among the first to successfully combine 
resins and cement to form acid-proof mortars. 
Mr. Brown had been an ACI member since 
1942. 


Newton L. Hinkson 

Newton L. Hinkson, vice-president of the 
consulting firm of Bleifuss, Hostetter & 
Associates, died at his home in Los Altos, 
Calif., recently. 

Mr. Hinkson was well known as a hydro- 
electric engineer, having spent more than 16 
years of his engineering career in that field. 
He was an engineering graduate of Kansas 
State College, and had been an ACI member 
since 1946. 


Louis S. Wertz 


Louis 8S. Wertz, founder and former presi- 
dent of Intrusion-Prepakt, Inc., Cleveland, 
died Dec. 27, 1957, in Phoenix, Ariz. 

Mr. Wertz’ entire career was devoted to 
concrete construction. 


masonry 


He perfected a sys- 
tem of prepacked concrete placement which 
led to the founding of Intrusion-Prepakt in 
1934. Under his leadership, both the com- 
pany and its processes gained world-wide 
acceptance. In May, 1957, Mr. Wertz 
retired as president of Intrusion-Prepakt and 
associated companies. He then assumed the 
title of president emeritus, a position he 
held at the time of his death. 

Mr. Wertz was a member of the American 
Concrete Institute, the International Con- 
gress of Large Dams, and the American Rail- 
way Engineering Association. 





Concrete produced with time-tested 
POZZOLITH® 
was used in the 
46 precast roof sections of 
American Concrete Institute 
new headquarters building, Detroit 








Roof sections grouted with EMBECO® Non-Shrink Mortar 
* 


ARCHITECT-ENGINEER: Yamasaki, Leinweber & Associates, Royal Oak, 


Michigan 
CONSULTING ENGINEER: Ammann & Whitney, Milwaukee, Wisconsin 


GENERAL CONTRACTOR: Pulte-Strang, Inc., Ferndale, Michigan 


POZZOLITH READY-MIXED CONCRETE: Frank J. Knight Co., 
Center Line, Michigan 


tHe MASTER BUILDERS co. 


DIVISION OF AMERICAN-MARIETTA CO 
General Offices: Cleveland 3, Ohio * Toronto 9, Ontario * Export: New York 17, N. Y. 
Branch Offices In All Principal Cities © Cable: Mastmethod, N. Y. 
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Who’s Who 


H. J. Gilkey 


“Re-Proportioning of Concrete Mixtures 
for Air Entrainment’ appearing on p. 633 
has been written by H. J. Gilkey, professor 
of theoretical and applied mechanics, Iowa 
State College, Ames. 

A past president of ACI and winner of the 
1958 Henry C. Turner Award to be presented 
at the ACI convention in Chicago this month, 
Professor Gilkey has long been active in 
Institute affairs, both on technical and ad- 
ministrative He presently is 
serving on ACI Committee 115, Research. 

Eminent in the field of research in engineer- 


committees. 


ing materials, especially concrete, Professor 
Gilkey has written several textbooks and 
manuals, and scores of technical papers and 
discussions, dealing with concrete, engineering 
materials, methods, many of 
which have appeared in the ACI Journat. 
In 1939 he was awarded the Wason Medal 
for “the most meritorious paper’ along with 
8S. J. Chamberlin and R. W. Beal for “The 
Bond Between Concrete and Steel.’ 

Educated at Oregon State College, Massa- 
chusetts Institute of Technology, Harvard 
University, and the University of Illinois, he 
began his teaching and research at the Uni- 
versity of Illinois in 1921. Continuing his 
work at the University of Colorado from 
1923 to 1931, he later became head of the 
theoretical and applied mechanics depart- 
ment at Iowa State College, from which 
post he recently retired. In 1956 Professor 
Gilkey was elected to honorary membership 
in the American Society for Testing Materials. 
W. J. McCoy, R. J. Sweitzer, and 
M. E. Flentje 

Combining the results of extensive investi- 
gations to determine the extent of 


and testing 


any 


leaching of lime in concrete pipe, W. J. 
McCoy, R. J. Sweitzer, and M. E. Flentje, 
present ‘Study of Concrete Pipe in Service’’ 
on p. 647. 

W. J. McCoy, director of research for 
Lehigh Portland Cement Co., Coplay, Pa., 


has been an ACI member since 1946. He is 
completing a 3-year term as a member of the 
Board of Direction of the Institute and will 


This Month 


continue as chairman of the Technical Ac- 
tivities Committee in 1958. Mr. McCoy 
is also a member of ACI Committee 115, 
Research; 331, Structures of Concrete Ma- 
sonry Units; 216, Fireproofing or Fire Pro- 
Structures; 201, Durability of 
Concrete in Service; and 116, Nomenclature. 
He is ACI representative to ASA Committees 
A-42 and A-41 dealing with masonry and 
plastering, respectively. In 1951 he 
awarded the ACI Wason Medal for the most 
noteworthy original research paper of the 
year, “New Approach to Inhibiting Alkali- 
Aggregate Expansion,”’ which he co-authored 
with A. G. Caldwell. Mr. MeCov 
ASTM Committees C1, Cement; 
C-9, Concrete and Concrete Aggregates; C-12, 
Mortars for Unit Masonry; E-8, Nomencla- 
ture and Definition; and the Philadelphia 
District Council of ASTM. 

Mr. McCoy graduated from 
State College and received his MS degree 
He is the 
analytical 


tection of 


was 


also 


serves on 


Wisconsin 


from the University of Minnesota. 


author of numerous papers on 


chemistry, portland cement and concrete, 
and patents. 

R. J. Sweitzer is director of research and 
development for Lock Joint Pipe Co., East 
Orange, N. J. 
versity of Florida and has done graduate 
work at Institute of Tech- 
nology in sanitary engineering. Since gradua- 


He is a graduate of the Uni- 
Massachusetts 


tion he has been employed in various phases 
of water and sewerage industries in the United 
States. He is a member of the American 
Water Works Association licensed 
professional engineer in several states. 


and a 


Martin E. Flentje, chief sanitary engineet 
of American Water Works Service Co., Inc., 
Philadelphia, is a chemical engineering grad- 
uate of the University of Iowa. Duties since 
1927 have included the supervision of water 
treatment and purification work in the com- 
panies associated with Community Water 
Co., American Water Works 
Electric Co., Inc., and, at the present, the 
companies associated with the American 
Water Works Service Co., Inc. He has been 
active as an officer and on committee assign- 
ments in the American Water Works Asso- 


Service and 
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-»- consider concrete reinforced with 


WELDED WIRE FABRIC 


Whenever construction calls for con- 
crete, it usually pays to reinforce it 
with Welded Wire Fabric. Many con- 
tractors make extra sales to owners by 
carrying a few rolls of CF&I Clinton 
Welded Wire Fabric to the construc- 
tion site. A short explanation of how 
Welded Wire Fabric substantially in- 
creases the life and appearance of con- 
crete convinces many builders to choose 
reinforced concrete. 

Concrete reinforced with Clinton 
Welded Wire Fabric has far greater 
strength than an unreinforced slab. It 
has higher resistance to the heaving, 


4 
WHEN THEY ASK... 


"4 it 


SAY YES...WITH 


contraction and expansion caused by 
sudden temperature changes. If a crack 
should develop, the fabric holds it 
tightly in check, preventing moisture or 
earth from entering and expanding it. 

Clinton Welded Wire Fabric is read- 
ily available, in all popular sizes and 
lengths in both the East and West. 
So, before you pour, consider rein- 
forcing concrete with Clinton Welded 
Wire Fabric. The slight additional 
cost of reinforced concrete is more 
than offset by its longer life, more 
attractive appearance and minimum 
maintenance costs. 


CLINTON® 


WELDED WIRE FABRIC 
THE COLORADO FUEL AND IRON CORPORATION 5694 


THE COLORADO FUEL AND IRON CORPORATION—Albuquerque * Amarillo * Billings * Boise * Butte * Denver * El Paso 


Ft. Worth * Houston * Kansas City * Lincoln (Néb.) * Los Angeles * Oakland * Oklahoma City * 


Phoenix * Portland * Pueblo 


Salt Lake City * San Francisco * San Leandro * Seattle * Spokane * Wichita * WICKWIRE SPENCER STEEL DIVISION: 
Atlanta * Boston * Buffalo * Chicago * Detroit * New Orleans * New York * Philadelphia * CF&l OFFICES IN CANADA: 


Montreal * Toronto * CANADIAN REPRESENTATIVES AT: Calgary - 


Edmonton * Vancouver * Winnipeg 
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ciation. For the past 4 years Mr. Flentje 
has been conducting research on the extrac- 
tion effects of water flowing through concrete 


pipe lines. 


Tung Au 

“Ultimate Strength Design of Rectangular 
Concrete Members Subject to Unsymmetrical 
Bending’’ on p. 657 represents Tung Au’s 
second contribution to ACI Proceedings V. 54. 
His paper ‘Ultimate Strength Design Charts 
for Columns Controlled by Tension’ ap- 
peared in the December, 1957, issue. 

Professor Au graduated from St. John’s 
University in China, and received his MS 
and PhD degrees, both in civil engineering, 
from the University of Illinois. 
research 


He was a 
in the civil engineering 
department at the University of Illinois from 
1948 to 1951, and subsequently was employed 
in architectural and engineering offices, until 
he became assistant professor of engineering 
mechanics at the University of Detroit in 
1955. At the present he is visiting associate 
professor of civil engineering at Carnegie 
Institute of Technology, Pittsburgh. 

A registered professional engineer, and an 
ACI member since 1953, Professor Au is also 
affiliated with ASCE and ASEE. 


assistant 


M. F. Kaplan 


M. F. Kaplan, author of “Compressive 
Strength and Ultrasonic Pulse Velocity Re- 
lationships for Concrete in Columns’’ appear- 
ing on p. 675, is head of the civil engineering 
division of the National Building Research 
Institute, South African Council for Scientific 
and Industrial Research, Pretoria. Following 
his graduation from the University of Cape 
Town in 1942, he designed and supervised 
construction of various structures as a mem- 
ber of the armed forces and a civilian for 
several years 

Becoming interested in research in 1949, 
in addition to his other duties, he commenced 
an investigation into methods of testing the 
strength of cement. In 1953 he was awarded 
a PhD degree by the University of Cape 
Town for this work. He then decided to 
take up a research career and joined the staff 
of the National Building Research Institute 
of the South African Council for Scientific 
and Industrial Research. In October, 1953, 
Dr. Kaplan was awarded a CSIR research 
bursary for overseas study and worked on 
concrete research in the concrete technology 
section of the Road Research Laboratory in 
England until April, 1955. His principal 
work was a study of the effects of the proper- 





We've moved 


Mailing address remains unchanged, 
P.O. Box 4754, Redford Station, Detroit 19, Michigan 





Telephone remains unchanged, KEnwood 1-8102 


Street address is now 22400 W. 


Seven Mile Road, Detroit, Michigan 
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ties of coarse aggregates on the properties of §, J. Chamberlin 
concrete. “Spacing of Spliced Bars in Beams’’ is 

On his return to South Africa he continued described by S. J. Chamberlin, professor of 
concrete research with particular reference theoretical and applied mechanics, Iowa 
to nondestructive methods of testing, such State College, Ames, in his paper on p. 689. 
as the ultrasonic pulse technique. In Janu- Professor Chamberlin starts a 3-year term 
as a member of the Board of Direction of the 
Institute this month. He has contributed 
several papers for publication in the ACI 


ary, 1956, he was appointed to his present 
position. Dr. Kaplan is an associate member 
of the Institution of Structural Engineers  j,,, ie, oat ta 2000 wen ewended. the 
(London) and of the South African Institution Wason Medal for “The Bond Between 


of Civil Engineers and is chairman of the (Concrete and Steel’? which he prepared in 


South African Prestressed Concrete Develop- collaboration with Herbert J. Gilkey and 
ment Group. R. W. Beal. He has long been active in 


Warehouse for glass manufacturing plant at San 
Jose de las Lajas, near Havana, Cuba, exhibits 
functional as well as decorative concrete construction. 
Small picture (right) shows pattern of wall constructed 
of perforated concrete block to provide both light 
and ventilation for the warehouse. Photograph above 
shows the warehouse’s seven truck-loading bays 
shielded by concrete canopy. 


The main plant under construction is a reinforced 

concrete building covering more than 200,000 sq ft. 

The superstructure is formed by continuous bents with spans of 50, 75, and 80 ft. 
Roof is a 3-in. slab supported on reinforced concrete joists 25 ft long, spaced 8 ft on 
centers. Over the furnace area, the roof is supported on post-tensioned girders, three 
with a span of 100 ft, and one with a 125-ft span. 

Built for Owens-Illinois de Vidrios de Cuba, S.A., the design was by Giffels and Vallet, 
Inc., L. Rosetti, Associated Engineers and Architects, Detroit, and Saenz-Cancio-Martin, 
Ingenieros, Havana. Administrative Engineering Department of Owens-Illinois Glass 
Co., Toledo, Ohio, cooperated in the design. 





NEWS 


ACI committee work, and is now secretary 
of Committee 115, Research, having served 
that committee as chairman for many years. 
He is a member of Committee 711, Precast 
Floor Systems for Houses, and Committee 
208, Bond Stress. 

Professor Chamberlin graduated from the 
University of Illinois in 1928 and received 
his MS, 
engineering, from Iowa State in 1931. 


majoring in highway and railway 
His 
experience includes work with the Missouri 
Pacific Railroad and the Illinois Division of 
For 
drawing at the Burlington Junior College, 


vears he taught 


Highways. several 
and joined the faculty of Iowa State College 
in 1936, where his work has included both 
teaching and research. 





LOOKING AHEAD 


February 17-19, 1958—National 
Crushed Stone Association, 41st 
Annual Convention and Biennial 
Exposition of the Manufacturers 
—_— Hilton Hotel, Chicago, 
Hl. 


February 24-26, 1958—National 
Concrete Contractors Association, 
1st Annual Convention and 1958 
Concrete Exposition, Chicago 
Coliseum, Chicago, Ill. 


February 24-27, 1958—ACI 54th 
Annual Convention, Morrison 
Hotel, Chicago, Ill. 


February 24-28, 1958—American 
Society of Civil Engineers, Na- 
tional Convention, Sherman Hotel, 
Chicago, III 


Mar. 12-15, 1958—American Con- 
crete Pipe Association, Fiftieth 
Anniversary Convention, Roose- 
velt Hotel, New Orleans, La. 


May 5-10, 1958—Federation Inter- 
nationale de la Precontrainte, 
3rd International Congress on 
Prestressed Concrete, Benjamin 
Franklin Congress Hall, Berlin, 
Germany. 











LETTER 


LABYRINTH 
WATERSTOPS 


A SOUND INVESTMENT 
FOR CONCRETE CONSTRUCTION! 


y ETN eS 


LABYRINTH AVAILABLE IN 2, 3 or 4 rib. 
ON YOUR CONSTRUCTION : 


1. Consider the investment in design, materials 
and labor (to mention a few). 

2. Then consider how important safe, secure 
watertight concrete joints are. 

3. Thorough watertightness can be secured by 
installing Labyrinth Waterstops—a dividend 
that makes the low initial cost of the product 
insignificant when compared to your total in- 
vestment—and one that insures watertight con- 
crete joints for years! 


e Corrugated ribs grip concrete, insure 
an everlasting bond between joints. 

© Finest polyvinyl plastic resists chemical 
action, aging, severe weather. 

© Takes just seccnds to nail to form... 
easy to cut and splice on location (pre- 
fabricated fittings available). 

e There’s a Water Seal product for every 
type of concrete work! 


It your 


aim 1s to stop water seepare, 
with Water Seals’ Watersti p 
“See Us in SWEET’S” 


New Literature and Free Samples Sent on Re- 
quest—Use Coupon Below 


WATER SEALS, inc. 


9 South Clinton Street, Chicago 6, Illinois 

J. E. Goodman Sales, Ltd. 
Toronto, Ontario 

WATER SEALS, INC. DEPT. 5 

9 S. Clinton Street 

Chicago 6, Illinois 

Please send free sample and descriptive 

literature. 


stop i 


4 j 
effectively 


Made in Canada for 


Name 
Company 
Address 


City res Zone State 


ee | 
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Erect bridge piers 
the quick and 
low-cost way! 


Summit Overpass, Wisconsin State Hwy Dept., Hwys 
18 and 151 nr Madison, Wis. Linnan Construction and 
Engineering, Inc., contractors. Charles Yoder & Asso- 
ciates, consulting engineers. 


¢ 


Form round concrete columns with | 


Sonotube: 
FIBRE FORMS 


In this project, 26” I.D. Sonoco Fibre Forms were used to erect the sup- 
porting columns. 


But whether the structure is a bridge or a building, contractors every- 
where have found that Sonoco Sonotube Fibre Forms provide the fastest, 
most economical method of forming round columns of concrete! 


Sonoco forms take less time to erect, require minimum bracing, and are 
easy to strip. Because of their versatility, low cost and easy handling these 
fibre forms save you time, labor and money! 


Order Sonoco Sonotube Fibre Forms for your next job. . . sizes from 2” 
to 48” I.D., up to 48’ long. Sonoco’s patented “A” coated forms are for 
finished columns. Wax-coated also available. 


See our catalog in Sweets 


HARTSVILLE, S. C. For complete information and prices, write 
LA PUENTE, CALIF. 


MONTCLAIR, N. J. 

AKRON, INDIANA 

LONGVIEW, TEXAS 

ATLANTA, GA. 
fy Construction Products 
* MEXICO, D.F. 


SONOCO PRODUCTS COMPANY 
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Honor Roll 


Blas Lamberti proposed 7 new members this 
month putting him in first place at the beginning of 
the new Honor Roll year. 

Anyone interested in concrete who desires to 
participate in a mutual effort to improve the quality 
and increase the practical use of concrete is qualified 
for ACI membership. 

Since “member efforts" have proved to be the 
best source of introducing new members to the 
Institute why not introduce ACI to someone you 
know is interested in this field. 


Blas Lamberti 
Samuel Hobbs 
Jaime de las Casas 
James R. Libby... 
William McGuire 
Ellis S. Vieser 


New Members 


The Board of Direction approved 70 Individual 
applications, 2 Corporations, 8 Juniors, and 21 
Students, making a total of 101 new members. 
Considering losses due to resignations, deaths, and 
nonpayment of dues the total membership on 
Jan. 1, 1958, was 9223. 


Individual 


Apu-Sapa, Exias, Blacksburg, Va. (Grad. Stud. in 
Struct. Engrg., Virginia Polytechnic Inst.) 

ALGER, STaNueyY F., Jr., Osterville, Mass. (Arch.) 

BaRNoLA, Pepro P., Caracas, Venezuela (Rector, 
Universidad Catolica Andres Bello) 

BaskaM, Enis Y., Hicksville, N. Y. (Cons. Engr.) 

Beck, Jouann A., Rego Park, L. I., New York (De- 
signer, The Preload Co., Inc.) 

Briuines, Hersert J., San Leandro, Calif. 
C. E., East Bay Minic. Utility Distr.) 
BooksinperR, LEONARD, Winnepeg, Man., 
(Struct. Engr., Waisman & Ross, Archs.) 
Brooks, Hueu, Jr., Pasadena, Calif. (Cons. Struct. 

Engr.) 

Brunkxow, Norman F., Chicago, Ill. (Chf. 

Engr., Graham, Anderson, Probst & White) 

SARPENTER, C. F., Allentown, Pa. (Industrial Con- 
sultant) 

‘ausey, Davin F., 
Village of Rantoul) 

‘HAPMAN, JouHN S. H., Baltimore, Md. (Struct. Engr. 
Benjamin E. Beavin Co.) 

Couvier, J. R., Chanute, Kansas (Field Engr., PCA) 

Disterano, Cart J., Omaha, Neb. (Struct. Engr., 
Corps of Engrs., Omaha Distr.) 

Doxserne, Morris, Los Angeles, Calif. (Cons. Civil 
& Struct. Engr.) 

DryspaLe, CHarues E., New York, N. Y. (Chf. Engr 
& Proj. Mer. for Iceland Operations, Wyatt C. 
Hedrick, Arch. & Engr.) 

Entwis.e, Ropert C., Sudbury, Mass. (Princ. Struct. 
Engr. & Reg. Prof. Engr., Hayden, Harding, 
Buchanan) 

Erecsom G., Satomon, Caracas, Venezuela (C. E.) 

GARNETT, SaMuEL, New York, N. Y. (Prof. Engr.) 

Cuew Wone, Evoens, Fresno, Calif. (C. E., Arthur 
Sauer, Struct. Engr.) 

Getuert, Denis, New York, N. Y. (Design Engr., 
Chas. H. Sells, Inc.) 


(Assoc. 


Canada 
Struct. 
Rantoul, III. 


(Village Engr 


GLENDENING, Frep, Phoenix, Ariz. (C. E., Statewide 
Paving Engr. for Ariz., PCA) 

Grote, CuHarutes J., Los Angeles, Calif. (Partner, 
Annin, Dysland & Grote, Cons. Struct. Engrs.) 

Hansen, Cart C., Silver Spring, Md. (Cons. Engr 
Carl C. Hansen) 

Hart, Wayne C., Baltimore, Md. (Vice-Pres. & Gen. 
Mgr., Baltimore Concrete Plank Corp.) 

Harvey, Earuanp E., Buffalo, N. Y. (Cons. 

Ho.iines, Joun Perry, Wellington, New 
(Cons. Engr.) 

Howarp, Marr E., Jr., Houston, Tex. 
Howard & Assocs., Archs. & Engrs.) 

Jacosson, Norman G., Jr., Seattle, Wash. (Assoc. in 
firm, Reg. C. & Struct. Engr., James H. Reid & 
Assocs.) 

Jounson, Cuartes D., Tacoma, Wash. (C. E., Ander- 
son, Birkeland & Anderson) 

Kenny, Micuaet F., Birmingham, Mich. (Est. & 
Surveys for Gov't Depts., Archs. & Engrs.) 

LaGcaarp, M. B., Tucson, Ariz. (Assoc. Prof. of Civil 
Engrg., Univ. of Ariz.) 

LEADABRAND, JOSEPH A.., 
Cement Bur., PCA) 

LeipHoipt, Grand Forks, N. D. (Designer & Constr., 
Insp. & Supv., L. W. Burdick, Cons. Munic. Engr.) 

Linpskoe, Epwarp, Monterey Park, Calif. (Mgr., 
Sales & Engrg. of Struct. Products, Calcor Corp.) 

ScARDELLATO, Eaip10, Treviso, Italy (Dr. of Engr.) 

Manner, WituiiamM J., Ramsey, N. J. (Supt. of Conc. 
Plants, Sam Braen Sons) 

Maney, Josepu T., Akron 
Beiswenger & Hoch) 

Marcuesi, Rupoupn, Paramus, N. J. 

MARSHALL, Tom, Jr., Pittsburgh, Pa. 
Tests, City of Pittsburgh) 

Morris, Raew F., Oswego, Kansas (Cons. Engr.) 

O'Rourke, James D., Trenton, N. J. (Civil Struct 
Engr., Esso Research & Engrg. Co.) 


Engr.) 
Zealand 


(Matt E. 


Chicago, Ill. (Mgr. Soil- 


Ohio (Struct. Engr., 
(Cone, Contr.) 
(Supt., Bur. of 





ANON NVRRANOELN Set Ere. 


Wf iterre, 
ALI TFs 


ECON OFLEX 
Flexille ARMORING 
POST TENSION CASING 


Fabricated with fully interlocking four wall 
construction out of .012” strip, having ex- 
cellent impact crush resistance. 


Write for Bulletin U-100BX2 





Quality... au mera 
FLEXIBLE HOSE PRODUCTS 


UNIVERSAL 
METAL HOSE CO. 


2101 S. Kedzie Ave., Chicago 23, Illinols 
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Papuana, Joserpu A., Brooklyn, N. Y. (Struct. Engr., 
Moran, Proctor, Mueser & Rutledge, Cons. Engrs.) 

Pett, Etwin M., Grand Rapids, Mich. (Struct. Engr., 
PCA) 

Por, Steruen H., Denver, Colo. (Chf. Tech. Informa- 
tion Br., USBR) 

Przyeopa, Z., Toronto, Ont., Canada (Cons. Engr.) 

ReitHay, GeorGe J., Fairbanks, Alaska (Western Reg. 
Engr., Federal Electric Corp., DEWline Proj. 
Hdars.) 

Rivva, Enrique, Miraflores, Lima, Peru (C. E.) 

Rost, Burke V. H., Cape Province, South Africa 
(C. E., African Explosives & Chemical Industries 
Ltd.) 

Ross, Cart, Toronto, Ont., Canada (Salesman, Master 
Builders Co. Ltd.) 

Sampson, Louis T., Rockford, II. 
Orput & Assocs.) 

Sanrorp, Frep B., Jamshadpur, Bihar, India (Chf. 
Area Engr., Kaiser Engrs. Overseas Corp.) 

Sayoc, Davin A., Jr., Imus, Cavite, Philippines, 
Struct. Designer, Adrian Wilson & Assocs.) 

ScuMa.Ltz, VERNON W., Benton Harbor, Mich. (Gen. 
Constr., Pearson Constr. Co., Inc.) 

ScHRENK, GEORGE 8., New Orleans, La. (Cons. Engr., 
Struct. & Civil) 

SGRANFETTO, ANGELO, Buffalo, N. Y. (Vice-Pres., Est., 
Constr. Supt., The J. A. Sgranfetto Constr. Co.) 

Suavuira, Martin, Liberty, N. Y. (Engrg., Design & 
Constr., Swimming Pools) 


CONCRETE 
TESTERS 


The world’s finest low~ 


cost precision testers. 


For 
CYLINDERS 
CUBES 
BLOCKS 
BEAMS 
PIPE 


Struct. Engr., R. A. 








if it’s a concrete tester 
you need—get in touch with 


FORNEY’S, Inc. 


TESTER DIVISION 
P.0.BOX 310 . NEW CASTLE, PA. 
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Surver, Crayton B., Amarillo, Tex. (Arch. & Engr., 
Clayton Shiuer & Russell Megert, Archs. & Engrs.) 

Sippiqul, M. F. A., Dacca, East Pakistan (Exec. Engr. 
Gov't. of East Pakistan, Dept. of C. B & I) 

Sotyom, R. L., New York, N. Y. (Struct. Designer 
Lockwood-Greene Engrs., Inc.) 

Sumner, Haron A., San Salvador, El Salvador (C. E.) 

SunparaM, P. §8., Halifax, Canada (Prof. & Head, 
Civil Engrg. Dept., Nova Scotia Tech. College) 

Taytor, Tuomas F., New York, N. Y. (Chf. Engr 
Walsh Constr. Co.) 

Tuorson, Emit, Vancouver, B. C., 
McCleery & Weston Ltd.) 

Tittman, Mary, Gainesville, Fla. 
Univ. of Fla.) 

VaLpeEz, Enrique, Lima, Peru (Chf. Tech. Dept. C. E 

VaLLes, Witi1aM C., New York, N. Y. (Asst. Chf 
Struct. Engr., Hydro-carbon Research, Inc.) 

Von Manpacu, Franz, New York, N. Y. (Dip. Eng 
of Federal Inst. of Tech., Zurich, Switzerland 
(Frankland & Lienward) 

We tty, R. B., Modesto, Calif. (Struct 
Engrg.) 


Canada 


(Mgr., 


(Arch. Librarian, 


& Hydraulic 


Corporation 


INTEGRATED Constructors & ENGINEERS, INc., Los 
Angeles, Calif. (Dewain R. Butler, Pres.) 
STRUCTURAL Systems, Inc Los Angeles, 

(Vernon Welborn, Pres., Arch.) 


Calif 


Junior 


BonNER, Dovetas, Lachine, Que., Canada 
Insp., St. Lawrence Seaway Authority) 
Devin, Roserr O., Jr., Ft. Lauderdale, Fla. 

Engr., H. J. 

GUNTHER, 
(Struct. 
Engrs.) 

Hitsporr, Hupsert, Urbana, Ill. (Dipl. Ing., Research 
Asst., Univ. of Ill.) 

Merapows, MAayYNarRpD 
Erickson Constr. Co.) 

Ponper, Cuarues A., Fredericton, N. B., Canada 
Asst. Design & Constr, Ergr., N. B. Dept. of Pub 
Wks.. Bridge Office) 

ViILLENEUVE, CLaupgE, Montreal, P. Q. 
Engr., Research on Prestressed Conc 
technique) , 

Wink cer, Ropenrt G., St. Louis, Mo. (Engr. I, Sverdrup 
& Parcel, Inc.) 


Cone. 


Struct. 
08s Assocs } 

EBERHARD, Westmount, 
Engr., Aaron Blauer & 


Canad: 
Cons 


Que., 


Assocs. 


Eugene, Oregon Foreman 


Canada (Prof. 
Ecole Poly- 


Student 


Burns, Nep H., Austin, Tex. (Univ. of Tex 

Dozsa, Francisco, Caracas, Venezuela (CatlLolic Uni 
of Caracas) 

Ferrer, Gonza.o. Ithaca, N. Y. (Cornell Univ 

FREESE, JASPER, Worcester, Mass. (Worcester Poly- 
technic Inst.) 

Goya, Om Parkasn, Ft. Wayne, Ind. (Indiana Tech 
College) 

GuitterMety, Herman L., 
Jniv.) 
Issa, Jutio Crsar MENDEZ, 
(Catholic Univ. of Caracas) 
KENNEDY, JoHN Baptist PERCIVAL, 
Canada (Univ. of Toronto) 

KESTENBAUM, W.Lapimmrro W., University 
(The Pennsylvania State Univ.) 

LASCURAIN, JOSEBA Caracas, 
Catolica ‘Andres Bello’’) 

LeprezMa, Rupen, Caracas, Venezuela 
“‘Andres Bello’’) 

Leg, Ti-ra, Ames, Iowa (Iowa State College) 

Lerrers, Luoyp ALLEN, Minonk, Ill. (Univ. of IIL.) 

Lipper, Harowp A., Chicago, Ill. (Ill. Inst. of Tech.) 

Lors, Cnarves E., Jr., New Orleans, La. (Tulane 
Univ.) 

Martute G., Marco ANTONIO, 
(Univ. Catolica ‘Andres Bello’’) 

Reeves, Roserr W., Kingsville, Tex. 
College) 

Satas, Caritos Rivero, Valencia, Edo Carabobo. 
Venezuela (Univ. Catolica ‘‘Andres Bello’) 

Su.va, Humperto Moreno, Los Chaguaramos, Cara- 
cas, Venezuela (Univ. Catolica ‘‘Andres Bello") 

Taccer, Evt Meyer Apapi, Maracaibo, Venezuela 
(Univ. Nacional del Zulia) 

ZePreRNick, Paut B., Seattle, Wash. (Univ. of Wash.) 


Ithaca, N. Y. (Cornell 


Caracas, Venezuela 
Toronto, Ont. 
Park, Pa 
Venezuela (Univ 


Univ. Catolica 


Caracas, Venezuela 


(Tex. A & I 





NEWS LETTER 


Membership in the American Concrete Institute 


To facilitate prospective members in joining the Institute, membership 
application forms are provided. Present Members may aid by bringing these 
forms to the attention of those who may profit from membership advantages. 
The grades of membership are described overleaf. 


All who have an interest in concrete are eligible for membership. 


Members have at hand in Institute publications the most complete fund 
of knowledge on concrete. The ACI JourNnat provides them with the latest 
information and ACI special publications provide them with the complete 
picture of specific problems. Through conventions, and regional and area 
meetings they are afforded the opportunity of meeting those whose experiences 
provide the new information, and of exchanging ideas with them. 


Opportunity for service is present in technical committee activity, in con- 
tributions, or only comments, to the ACI JourNAL, or in reviewing technical 
publications for material of interest to the membership. 

ACI’s world-wide membership is growing in extent and participation— 
traveling a common road toward better, more economical and durable con- 
crete structures. ACI provides a common ground in the search for and use of 
new “working tools” in concrete design, manufacture, and erection—and its 
interpretation. 


(cut here) 


Board of Direction, American Concrete Institute 
P. O. Box 4754, Redford Station 
Detroit 19, Michigan 
Individual Members (U.5,.9%4 Poummlony Canada, Mexico) 
Individual Members (Alli other foreign countries) 
Corporation Members 
Contributing Members 
Junior Members—nonvoting (under 28) 
Student Members—nonvoting (under 28) 
(Subject to stipulations of Bylaws—Article | on reverse side. Bylaws on request.) 


Of the annual dues, $12.00 is for the Journat of the American Concrete Institute (except that dues for Junior 
and Student Members apply in full for the Journat). 


The undersigned hereby applies for. = CCCCSsSCssCSsSCSsS mee ership 
(Individual, Corporation, Contributing, Junior, Student) 


in the American Concrete Institute. Proposed by____ 


For Corporation Membership, ACI representative will be. = 








(Date of graduation if Student) (Name, if Corporation) 


Signature 





For our records, please complete both sides of application. 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


EXCERPTS FROM BYLAWS: 


Section 1. This Institute shall consist of 
Members, Corporation Members, Contribut- 
ing Members, Junior Members, Student 
Members, and Honorary Members interested 
in furthering the Institute’s objects as set 
forth in its Charter. 


Sec. 2. A Member shall be an individual. 

A Corporation Member shall be a firm, 
corporation, society, agency of government 
or other organization. A Corporation Mem- 
ber shall name one individual as its represen- 
tative who will enjoy all membership rights 
and privileges. 

A Contributing Member shall be an in- 
dividual, firm, corporation, society, agency 
of government, or other organization wishing 
to give larger support to Institute activities 
through the payment of larger dues. Con- 
tributing Members, other than individuals, 
shall name representatives as do Corporation 
Members. 

A Junior Member shall be a person less 
than 28 years old. 

A Student Member shall be less than 28 
years old and a student in residence at a 
recognized technical or engineering school. 

An Honorary Member shall be a person of 


eminence in the field of the Institute’s in- 

terest, or one who has performed extraordi- 

narily meritorious service to the Institute. 
Sec. 8. All classes of Members except 
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ARTICLE I—MEMBERS 


Honorary Members and Student Members 
shall be proposed by at least one Member of 
the Institute and elected by a two-thirds 
vote of the Board of Direction. An Hon- 
orary Member shall be elected by unanimous 
vote of the Board of Direction. A Student 
Member shall be proposed by a member of his 
school’s faculty, who need not be a Member of 
the Institute, and elected by a two-thirds vote 
of the Board of Direction. 

Sec. 4. All Members shall have all rights 
and —o of membership as determined 
by the Board of Direction except that a 
Junior or Student Member shall not vote nor 
hold office. The status of a Student Member 
shall change automatically to that of Junior 
Member on the first anniversary of his mem- 
bership succeeding the date on which he 
ceases to be a student in residence. The 
status of a Junior Member shall be changed 
to that of Member on the first anniversary 
of his membership after he becomes 28 years 
of age. 

Sec. 5. Applications for and resignations 
from Membership and requests for change of 
representatives of Corporation or Contribut- 
ing Memberships shall be presented in writ- 
ing to the Secretary-Treasurer. Resignations 
may be accepted only from Members whose 
dues are not more than 60 days in arrears, 
except by special action of the Board of 
Direction. 


(cut here) 





Date of Birth 





Title or Position 





Name of Firm or Organization 





(C) Business Address 





C) Resident Address 





(Please check address to which you wish mail and publications sent) 


Nature of Firm's Business 





The ACI Membership Directory will be sent—as available—only on request. 
Check here if you wish to receive the latest edition. 
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Plastiment concrete in 7 foot deep beams 


is being revibrated before deck is placed. 
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This unusual monolithic prestressed beam and slab design resulted 
from alternate bids permitted by Philadelphia’s progressive Depart- 
ment of Streets* . . 





. Savings of more than 20% 


over conventional 
steel design were passed on to the taxpayers. 


Each 120 ft. long span, 34 ft. wide; including two traffic lanes, 
sidewalk, and half of the center median strip was concreted in one 
continuous 260-yard operation . . . Since 8-10 hours elapsed during 
placement, Plastiment was specified to control initial set. Plastiment 
provided these additional benefits: better compaction, greater density. 
and faster development of stressing strength. 


Your clients will benefit from the better structural quality of 
Plastiment concrete . . . Specify Plastiment for your next job . 
Write for Bulletin PCD. 


AD 26-7 
*David M. Small d, Street C 


Noe! W. Willis, Chief Bridge Engineer 





The Preload Company, Inc., New York City —Consul 
posengt ion, Phi 


ting Engineers 
The Conduit & F 


P phic — Contractor 


SIKA CHEMICAL CORPORATION 


PASSAIC, NEW JERSEY 


DISTRICT OFFICES: BOSTON * CHICAGO + DALLAS 
* DETROIT + PHILADELPHIA + PITTSBURGH 
* SALT LAKE CITY * WASHINGTON + DEALERS IN 
PRINCIPAL CITIES—AFFILIATES AROUND THE WORLD 
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ASSURES CONSTRUCTION 
PERMANENCE...SAVES 
MATERIALS, TIME AND 
MONEY... 





300,000 LBS. CAPACITY 
CONCRETE TESTER 





MODEL 

CT-900 A steel constructed and 

integrally welded Concrete Tester 
that is calibrated for accuracy 

using U. S. Bureau of Standards certified 
calibration apparatus. The CT-900 

meets ASTM and AASHO specifications for 

hydraulic testing machines and is accurate 
to within 1% of the indicated load. 





200,000 LBS. CAPACITY 
CONCRETE TESTER 


A sturdy, compact and 
entirely self-contained 
unit. Easily operated 
either by hand or by an 
electrical pump attach- 
ment. The CT-711 is 
also calibrated for accu- 
racy to within 1% of the 
indicated load. 


Many other units of Engineering Test Ap- 
paratus for Concrete Testing are available. 
Our New Catalog covers completely all 
testing equipment and accessories used 
in this field. Illustrated Bulletins describe 
in detail the Apparatus shown above. 


MMi, 


4711 W. NORTH AVE., snes apa 39, ILLINOIS 


WRITE TODAY 
FOR COMPLETE 
INFORMATION 
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Pier cap forms 


that its cables can be put on one side of the 
pier cap (see News Letter cover). 

The columns are all reinforced with special 
spiral-wound ! rod. In order to pre- 
fabricate some 360 tons of spiral reinforcing, 
a special machine was designed by A. Bras- 
sard Steel Erector, Inc., subcontractors for 
steel, Providence, R. I. An 
engineered drum 16-in. 
rod as it turns. When required coil length 
of 24 to 37 ft is reached, 11%-in. 
inserted longitudinally, and tack 
weld each spiral to the dowels. After welding, 
the machine’s tube is hydraulically contracted 
to allow core removal. 

Johnson-Kiewit are joint venturers on the 
$6 million substructure contract. 
was by Madigan-Hyland, New 
the New York State Thruway 


Continued from page 9 


6-in. 


reinforcing 
ingeniously wraps 
dowels are 
welders 


Design 
York, for 
Authority. 


Rice joins consulting firm 
Edward K. 


and 


Rice has resigned as vice- 
president chief engineer of Western 
Concrete Structures Co., Inc., for the purpose 
of devoting full time to his ¢ eouuiting practice 
in prestressed concrete and _ lift-slab 
struction. He is a partner in the consulting 
engineering firm of T. Y. Lin & Associates, 
Los Angeles. 


con- 


Duff retires 


Carl M. Duff has retired as professor of 
engineering mechanics at the University of 
Nebraska, Lincoln, after 37 years the 
engineering staff. At time was 
responsible for testing most materials used 
by the State of Nebraska. He has been an 
ACI member since 1929. 


on 


one he 


Strobel and Rongved open 
consulting office 


Peter A. Strobel, who has continued to 
the firm of Strobel and Salzman 
since the death of Joseph Salzman, and Paul 
I. Rongved, consulting engineer, announce 
the formation of a new partnership. The 
firm name is Strobel and Rongved, Consulting 
Engineers, with offices in New York. 


operate 





NEWS 





Tools, Materials, Services 


Under this heading note is made of producer lit- 
erature and products of presumed technical interest 
to ACI users of tools, equipment, materials, acces- 
sories, and special services. 





Monolithic concrete floor surfacing 

A heavy-duty concrete floor surfacing for industrial 
commercial, and institutional use is described in an 
illustrated booklet ‘‘Monorock—Monolithic Concrete 
Floor Surfacing.’’” The floor consists of a specially 
formulated including aggregate of 
voleanic origin, with controlled water content, which 


surface mixture 
penetrates, interlocks, and becomes an integral part 
of the monolithic slab. The process includes spreading, 
screeding, surfacing, leveling, troweling, and finishing, 
each step of which must be properly controlled. 
—Kalman Floor Co., 110 East 42nd St., New York 17, N. Y 


Concrete floating dock 


Floating lightweight concrete docks may be as- 
sembled domino-fashion from monolithic modular units 
combination of walkways or 


to form any desired 


fingers. Manufacturer asserts that the dock is vir- 


tually maintenance-free, requires no paint, and will 
last 15 years or longer. Additional dead weight re- 
portedly makes the dock more stable than wood units 
in choppy water. The deck responds closely to water 
temperature, and is said to be comfortable for sun 
bathing in hot summer weather.—fibrecrete Corp., 


1435 W. 15th St., Long Beach 13, Calif 


Power strap feeder 
Detail 
instructions for power strap feeder Model PSF-1 are 


drawings and installation and operation 
given in 4-page booklet which shows how this model 
feeds vertical steel straps around large packages or 
skid loads, including precast units and concrete ma- 
The power strap feeder can be mounted on a 
conveyor or set up as a separate strapping station. It 


sonry. 


is powered by a }4-hp, 115 volt, 60-cycle single phase 
electric motor, comes complete with foot switch, the 


only electrical control required. It can be adjusted 


to handle %-in., %-in., %-in., or %-in. strapping of 
any thickness.—Signode Sjeel Strapping Co., 2600 


North Western Ave., Chicago 47, Ill. 


LETTER 


No time lost 
when concrete is 


ee 


with SOLVAY 
CALCIUM CHLORIDE 


To save four ways, order “special winterized” 

ready-mix, including SOLVAY Calcium Chloride: 

1. Save overtime finishing—it sets faster. 

2. Save delays in form 
high early strength. 


removal—it develops 


Save delays between operations. 
4. Save up to 50% on protection time. 


Maintain warm weather working schedules in 
winter with a low cost 2% of SOLVAY Calcium 
Chloride in your mix. Get 
better concrete too! Ulti- 

mate strength at one to SOLVAY, 
three years is 8 to 12% 

greater. Your product is 

more workable. With lower 

water-cement ratio, you get ® 
denser, more moisture-and- 

wear-resistant concrete. 





Solvay Calcium Chloride speeds but does 
not change the normal chemical action of 
portland cement. National Bureau of Stand- 
ards tests prove its advantages in cold weather 
construction. It is recommended or approved 
by American Concrete Institute and Portland 
Cement Association. 











Write now for full data! 


SOLVAY PROCESS DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
61 Broadway, New York 6, N. Y. 
BRANCH SALES OFFICES: — 
Boston @ Charlotte @ Chicago @ Cincinnati ¢ Cleveland 


Detroit @ Houston @ New Orleans © New York 
Philadelphia ©@ Pittsburgh ¢ St.Louis @ Syracuse 
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Polyvinyl! plastic waterstop 

“Labyrinth” waterstop of polyvinyl plastic is flexible 
and tough, is not affected by temperature changes or 
acids normally encountered, and is extremely resistant 
to aging, 


according to manufacturer’s statement. 





A special advantage claimed is its ability to be fused 
together, forming a bond practically as tough as before 
cutting. 

In its simplest dimension, the waterstop forms a 
section 34 in. wide and 1% in. high, with walls and 
projecting ribs 4 in. thick. A flange is provided on 
each side for nailing. The projecting ribs are somewhat 


enlarged at the end, so as to provide a dovetail effect 
when embedded in concrete. The entire surface is 
corrugated to facilitate forming a complete watertight 
bond. For greater water pressures than usual, the 
device comes in greater widths with more ribs, depend- 
ing on the specific needs.—Water Seals, Inc., 9 South 
Clinton St., Chicago 6, Ill. 


Film on reinforcement 

“Steel in Concrete,”’ a 16-mm sound-color motion 
picture, has been prepared by Bethlehem Steel Co. 
Particularly suited to interests of the student engineer, 
the 38-min film is basically a study of the forces at 
work upon both reinforced and unreinforced members 
and how these forces, determined through extensive 
laboratory tests, are interpreted and applied by the 
architect and the engineer. 

Additional problems dealt with in the film are those 
of crack control, bond and anchorage which enables 
steel and concrete to act together as a unit, and duc- 
tility, which determines the ability of reinforcing bars 
to be safely bent in accordance with ASTM recom- 
mended procedures. On-the-job scenes cover a wide 
variety of present-day structures. Prints may be ob- 
tained without charge from the nearest film exchange 
of Modern Talking Pictures, Inc.—Bethlehem Steel Co., 
Bethlehem, Pa. 
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Pocketsize Guide Sa “a 
to a Big Job... 


ACI MANUAL of =~ 
CONCRETE INSPECTION — 


Third Edition 
Committee 611, Inspection of Concrete 





A comprehensive handbook with both the “why” and “how” 
of inspection, in convenient durable form. 


From concrete fundamentals to the latest developments in con- 
struction, the manual covers problems and techniques in concrete 
inspection clearly and completely. Written and bound for use at 
the construction site as well as the laboratory and design office, 
the manual is a key tool for the concrete inspector and a valuable 
aid to anyone responsible for workmanship in concrete, 


(Price $3.50—ACI Members $1.75) 


COncRiTE PUBLICATIONS 


~~ 
Ory P.O. Box 4754, Redford Station Detroit 19, Mich. 


























Current ACI Standards 


Recommended Practice for Evaluation of Compression Test Results 
of Field Concrete (ACI 214-57) 


20 pages in covers: 75 cents’per copy (60 cents to ACI members) 


Manual of Standard Practice for Detailing Reinforced Concrete Struc- 
tures (ACI 315-57) 


A publication of large format, bound to lie flat 
86 pages: $4.00 per copy ($2.50 to ACI Members) 


Building Code Requirements for Reinforced Concrete (ACI 318-56) 


76 pages in covers: $1.00 per copy (50 cents to ACI Members 


Standard Specification for the Design and Construction of Reinforced 
Concrete Chimneys (ACI 505-54) 


48 pages in covers: $1.00 per copy (50 cents to ACI Members) 


Recommended Practice for Winter Concreting (ACI 604-56) 


24 pages in covers: 75 cents per copy (50 cents to ACI Members) 


Recommended Practice for Selecting Proportions for Concrete 
(ACI 613-54) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for Measuring, Mixing and Placing Concrete 
(ACI 614-42) 


28 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Application of Portland Cement Paint 
to Concrete Surfaces (ACI 616-49) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Specifications for Concrete Pavements and Bases (ACI 617-51) 
24 pages in covers: 50 cents per copy (40 cents to AC] Members) 


Minimum Standard Requirements for Precast Concrete Floor Units 
(ACI 711-53) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Construction of Concrete Farm Silos 
(ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Application of Mortar by Pneumatic 
Pressure (ACI 805-51) 


12 pages in covers: 50 cents per copy (40 cents to AC] Members) 
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